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FOREWORD 

T h i s  r e p o r t  was prepared by  the  AiResearch Manufactur ing D i v i s i o n  of 
The G a r r e t t  Corporation, Los Angeles, under c o n t r a c t  t o  t h e  NASA Manned 
Spacecraf t  Center. The documentat ion  presented here was performed under 
Contract  No. NAS 9-2044. 

The computer program i s  sponsored by t h e  Crew Systems D i v i s i o n  of t h e  
NASA Manned Spacecraf t  Center, and i s  under t h e  t e c h n i c a l  d i  r e c t i o n  o f  W. W. 
Guy. F. H. Green i s  t h e  p r i n c i p a l  i n v e s t i g a t o r  a t  AiResearch. 
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SECTION I 

INTRODUCTION 

Th is  document descr ibes  a d i g i t a l  computer program fo r  t h e  ana lys i s  of 
p e r i o d i c  thermal loads imposed on space v e h i c l e  environmental  c o n t r o l  systems. 
In an o r b i t i n g  vehic le ,  f o r  example, the ex te rna l  heat l oad  w i l l  va ry  exten-  
s i v e l y  as a f u n c t i o n  o f  t ime. The w a l l s  o f  the  v e h i c l e  w i l l  be composed of  
severa l  l aye rs  o f  mater ia l ,  each w i t h  d i f f e r e n t  heat  t r a n s f e r  c h a r a c t e r i s t i c s .  
The r e s u l t i n g  i n f l uence  upon t h e  i n t e r i o r  atmosphere o f  t h e  v e h i c l e  w i l l  l a g  
( i n  t ime) behind t h e  o u t s i d e  changes and be o f  f a r  d i f f e r e n t  magnitude. 

The purpose o f  t h e  computer program i s  t o  p r e d i c t  t h e  r e s u l t i n g  i n f l uence  
by s imple means and t o  p r e d i c t  t h e  performance of  d i f f e r e n t  types o f  v e h i c l e  
w a l l s  under d i f f e r e n t  imposed thermal loads. Basic performance equat ions and 
l o g i c  f o r  t h i r t y  d i f f e r e n t  system loads a r e  inc luded i n  the  program. Adapta- 
t i o n  t o  d i f f e r e n t  loads i s  made by  s imple i n p u t  adjustments.  Usually, more 
than  one t ype  o f  l o a d  i s  cons idered a t  one t ime. 

The assumptions used and the  equat ions so lved a r e  presented, together  
w i t h  t h e  program l i s t i n g s ,  w r i t t e n  i n  FORTRAN I1 language, usab le  on the  
I B M  7074, 7090, and 7094. Examples o f  program input, program output, and 
program usage a r e  inc luded.  
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SECTION 2 

NOMENCLATURE 

ANRO( I) 

Program Dimension ANRO( 101) 
I n p u t  Dimension DATA (LBN 5 201) 
I n p u t  - F ixed  p o i n t  - F10.5 - Decimal percent  

Over -a l l  t r a n s m i s s i v i t y  o f  f i r s t ,  outside, m a t e r i a l  l aye r  f o r  i n f r a r e d  
r a d i a t i o n  a t  t i m e  Io LBD = 210  

ANRP( I) 

Program Dimension ANRP( 101) 
I n p u t  Dimension DATA (LBN 5 201) 
I n p u t  - F i x e d  Po in t  - F1005 - De i m  1 percent  

Over -a l l  t r a n s m i s s i v i t y  o f  second m a t e r i a l  l a y e r  f o r  i n f r a r e d  r a d i a t i o n  
a t  t ime  I. LBD = 26. 

ANSO( I) 

Program Dimension ANSO( 101) 
I n p u t  Dimension BATA (LBN 5 201) 
I n p u t  - F i x e d  p o i n t  - F10.5 - Decimal percent 

Over -a l l  t r a n s m i s s i v i t y  o f  f i r s t ,  outs ide, m a t e r i a l  l aye r  f o r  v i s i b l e  
( s o l a r )  r a d i a t i o n  a t  t i m e  I. LBD = 24. 

ANSP( r )  
Program Dimension ANSP( 101) 
I n p u t  Dimension DATA (LBN 5 201) 
I n p u t  - F i xed  p o i n t  - F10,5 - Decimal percent 

Over -a l l  t r a n s m i s s i v i t y  o f  second m a t e r i a l  l a y e r  for v i s i b l e  ( s o l a r )  
r a d i a t i o n  a t  t i m e  I. LBD 29, 

Program Dimension AR12( 101) 
I n p u t  Dimension DATA (LBN 201) 
I n p u t  - F i xed  p o i n t  - FI 0.5 - Decimal percent 

R e f l e c t i v i t y  o f  su r face  o f  f i r s t  m a t e r i a l  l a y e r  f o r  i n f r a r e d  r a d i a t i o n  a t  
t i m e  I .  LBD = 220 

AIRESEARCH MANUFACTURiNG DIVISION 
Los Angeles, California 

SS-3028 
Page 2 -  I 



AR23( I) 

Program Dimension AR23( 101) 
Input Dimension DATA (LBN * 201) 
Input - Fixed point - F10.5 - Decimal percent 
Reflectivity of surface of second material layer for infrared radiation 
at time I. LBD = 27, 

ARSI( I) 

Program Dimens ion ARSI( 101) 
Input Dimension DATA (LBN s 201) 
Input - Fixed point - F10.5 - Decimal percent 
Inside radiant source - inside wall surface absorptivity factor at time 
I. LBD = 18. 

ARSO( I) 

Program Dimension ARSO(I0I) 
Input Dimension DATA (LBN s 201) 
Input - Fixed point - F10.5 - Decimal percent 
Outside - first radiant source - outside wall surface absorptivity factor 
at time I. LBD = I O .  I f  the outside layer of the wall is transparent, 
this is the surface absorptivity for infrared radiation. 

ARSSO( I) 

Program Dimension ARSSO( 101) 
Input Dimension DATA (LBN 201) 
Input - Fixed point - F10.5 - Decimal percent 
Outside - second radiant source - outside wall surface absorptivity fac- 
tor at time I. LBD = 12. If the outside layer of the wall i s  transparent 
this is the surface absorptivity for visible (solar) radiation. 

ARSTO( I) 

Program Dimension ARSTO( 101) 
Input Dimension DATA (LBN 5 201) 
Input - Fixed point - F10.5 - Decimal percent 
Outside - third radiant source - outside wall surface absorptivity fac- 
tor at time I. LBD = 14, 

ASI Z (  I) 

Program Dimension A S 1 2 (  1.01) 
Input Dimension DATA (LBN 5 201) 
Input - Fixed point - F10.5 - Decimal percent 
Reflectivity of surface of first material layer for visible (solar) 
radiation at time I. LBD = 25. 
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AS23( I) 

Program Dimension AS23(101) 
I n p u t  Dimension DATA (LBN 201) 
I n p u t  - F i x e d  p o i n t  - F10.5 - Decimal percent 

R e f l e c t i v i t y  o f  su r face  o f  second m a t e r i a l  l a y e r  f o r  v i s i b l e  ( s o l a r )  
r a d i a t i o n  a t  t i m e  I d  LBD -D 30. 

AVAC I 

I n p u t  - F ixed  p o i n t  - F10.5 - Decimal percent 

A b s o r p t i v i t y  o f  insideward w a l l  su r face  f a c i n g  vacuum l a y e r .  

AVACO 

I n p u t  - F i x e d  p o i n t  - F10.5 - Decimal percent 

A b s o r p t i v i t y  o f  outs ideward w a l l  su r face  f a c i n g  vacuum l a y e r .  

COND( I) 

Dimensjon COND(5) 
I n p u t  - F ixed  p o i n t  - F10.5 - Btu/hr/sq f t  per  O F / f t  

C o n d u c t i v i t y  o f  m a t e r i a l  i n  l aye r  I. 

CSUBP( I) 

Dimension CSUBP(5) 
I n p u t  - F ixed  p o i n t  - F10.5 - Qtu/lb/OF 

S p e c i f i c  heat o f  m a t e r i a l  i n  l a y e r  I. 

CUE( I) 

Dimension CUE( IO) 
Generated - Btu/hr /sq f t  

Heat f l o w  rate, s i t u a t i o n  I 

I = I .  
2. 
3. 
4 .  
5. 
6. 
70 
8 .  
9. 

I O 0  

Convection t o  o u t s i d e  surface. 
Convect i o n  t o  i n s i d e  surface. 
I n p u t  (g iven)  heat f l o w  t o  o u t s i d e  surface, 
I n p u t  (g iven)  heat f l o w  t o  i n s i d e  surface. 
Heat f l o w  represented by g i ven  o u t s i d e  su r face  temperature. 
Heat f l o w  represented by g i ven  i n s i d e  sur face temperature. 
Heat f l ow  from t h i r d  r a d i a n t  source t o  o u t s i d e  surface. 
Heat f l ow  from second r a d i a n t  source t o  o u t s i d e  surface. 
Heat f l ow  f rom f i r s t  r a d i a n t  source t o  o u t s i d e  su r face  minus heat 
f l ow  from o u t s i d e  ' s u r f a c e * t o  o u t s i d e  s ink .  
Heat f19w f rom inside' r a d i a n t  so;'?ce t o  i n s i d e  su r face  minus heat 
f l ow  from i n s i d e  sur face t o  i n s i d e  s i n k .  
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CUEI( I )  

Program Dimension CUEI( 101) 
I n p u t  Dimension DATA (LBN 2 201) 
I n p u t  - F ixed p o i n t  - F10.5 - Btu/hr /sq f t  

Q u a n t i t y  o f  heat f l o w i n g  t o  i n s i d e  sur face  from i n s i d e  sources a t  t ime I .  
LBD = 6. 

CUEO( I) 
Program Dimension CUEO( 101) 
Inpu t  Dimension DATA (LBN 2 201) 
I n p u t  - F ixed p o i n t  - F10.5 - Btu/hr/sq f t  

Quant i t y  o f  heat f l o w i n g  t o  o u t s i d e  sur face  f rom o u t s i d e  sources a t  
t ime  I. LBD = 5. 

CUESI 

Output - F ixed p o i n t  - F7.2 - Btu/hr/sq f t  

Rate o f  heat f l o w  t o  i n s i d e  w a l l  sur face  from i n t e r n a l  sources a t  a 
p a r t i c u l a r  t i m e  i n  t h e  o r b i t  o r  cyc le .  

CUESIS 

Output - F ixed p o i n t  - F7.2 - Btu/hr /sq f t  

Rate o f  heat f l o w  t o  i n s i d e  w a l l  sur face  f rom i n t e r n a l  sources, sum o f  
a l l  computed va lues o f  CUESI for  one o r b i t  o r  cyc le .  

CUES 0 

Output - F ixed p o i n t  - F7.2 - Btu/hr /sq f t  

Rate o f  heat f l o w  t o  o u t s i d e  w a l l  sur face  f rom ex te rna l  sources a t  a 
p a r t i c u l a r  t ime i n  t h e  o r b i t  o r  cyc le .  

CUESOS 

Output - F ixed p o i n t  - F7.2 - Btu/hr /sq f t  

Rate of heat f l o w  t o  o u t s i d e  w a l l  sur face  f rom e x t e r n a l  sources, sum o f  
a l l  computed va lues o f  CUES0 f o r  one o r b i t  o r  c y c l e .  

DATA( I) 
Dimension DATA(201) 
I n p u t  - F ixed p o i n t  - F10.5 - U n i t s  as de f i ned  under s p e c i f i c  t ype  o f  
data. 

P e r i o d i c  i npu t  data, i d e n t i f i e d  by  heading card  (see under "LBD"), w i t h  
p o i n t s  arranged i n  ch rono log ica l  sequence. The t o t a l  number o f  po ints ,  
"LBN," w i l l  be one more than t h e  number o f  t ime  d i v i s i o n s  o f  data p e r  
o r b i t  s i n c e  t h e  l a s t  p o i n t  must be a repeat o f  t h e  f i r s t  p o i n t .  The 
card  f o r m a t  i s :  Heading card, con ta in ing  LBD, LBN, and KL, f o l l owed  by 
as many data cards as needed i n  7F10.5 format.  Th i s  i s  repeated f o r  each 
t y p e  o f  data. 
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Dimension DD( 102,2) 

Generated 

Proportional ity factor for construction 1 ines for sl ice 1- 
J identifies const. line. J = I for const. line 2 .  
J = 2 fo'r const. line 4 .  

DELT 

Input - Fjxed point - F10-5 - 
Temperature difference used in test for convergence. 

DTHN( I) 

D i mens ion DTHM( 5) 
Output - Fixed point - F t 0 . 5  - Hours 
Time increment associated with material layer I. 

Dimension DX( 5) 
Output - Fixed point - F 1 0 . 5  - Feet 
Equivalent thickness of material layer I .  

DXN( I) 

Equivalent thickness, for k = I ,  of each slice of material layer I. 

DXNA 

Generated 

One-half of  equivalent thickness of first slice of outside layer of 
wall =' 0.5 * DXN( I )  

DXNB 

Generated 

Thickness factor = DXNA + I. 
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DXNC 

Generated 

One-half o f  e q u i v a l e n t  th ickness o f  f i r s t  s l i c e  o f  i n s i d e  l a y e r  o f  
w a l l  = 0.5 * DXN(1W) . 

DXND 

Generated 

Thickness f a c t o r  DXNC f I .  

E R 1 2 ( I )  

Program Dimension ER12( 101) 
I n p u t  Dimension DATA (LBN 5201) 
I n p u t  - F i xed  p o i n t  - F10.5 - Declmal percent 

P r o p o r t i o n  o f  i n c i d e n t  r a d i a n t  energy which is i n f r a r e d .  LBD = 23 

ER23( I) 

Program Dimension ER23( 101) 
I n p u t  Djmension DATA (LBN 5 201) 
I n p u t  - F i xed  p o i n t  - F10.5 - Decimal percent . . 

ERKI ( I) 

Prog ram D i mens i o n  ERIC1 ( IO  I ) 
I n p u t  Dimension DATA (LBN 5 201) 
I n p u t  - F i xed  p o i n t  - F10.5 - Decimal percent 

I n s i d e  r a d i a n t  s i n k  - i n s i d e  w a l l  su r face  e m i s s i v i t y  f a c t o r  a t  t i n e  1. 
LBD = 20. 

ERKO( I) 

Program Dimension ERKO( 101) 
I n p u t  Dimension DATA (LBN 5 201) 
I n p u t  - F ixed  p o i n t  - F i0 .5  - Decimal percent 

Outside r a d l a n t  s i n k  - o u t s i d e  w a i l  su r face  e m i s s i v i t y  f a c t o r  a t  t ime  I .  
LBD = 16. 

AIRESEARCH MANUFACTURING DIViSlON 
Lo5 Angeles. California 

5s-3028 
Page 2-6 



FCI( I) 

Program Dimension FCI( 101) 
Input Dimension DATA (LBN s; 201) 
Input - Fixed point - F10.5 - Btu/hr/sq ft/OF 

* 

Inside air film heat transfer coefficient at time I. LBD = 4 .  

FCO( I) 

Program Dimension FCO( 101) 
Input Dimension DATA (LBN s 201) 
Input - Fixed point - F10.5 - Btu/hr/sq ft/*F 

Outside air film heat transfer coefficient at time I. LBD = 2. 

HRSOBT 

Input - Fixed point - F10.5 - Hours 
Time requi red for one orb! t or cycle. 

I DATA 

Input - Integer constant 
Number of t ime-dependent input variables for which data sets are provided. 
See a1 so DATA( I). 

D i mens i on IC( 5) 
Output - Integer 
Number of slices i n  material layer I. Maximum 20. 

I ND( I) 

Dimension iND(20) 
Gene rated-I ntege r 

Integer used to identify and call equations in S/R TEMPER 

I NDX 

Number of equations used in TEMPER 

I TPMAX 

Input - Integer constant 
Maximum number of time intervals per orbit to be used in solution. 
Maximurn i s  100. 
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I TPMI N 

Input - I n t e g e r  cons tan t  

Minimum number o f  t ime i n t e r v a l s  per  o r b i t  t o  be used i n  s o l u t i o n .  

I TRN 

I n p u t  - I n t e g e r  cons tan t  

Constant i n d i c a t i n g  whether ma te r ia l  l a y e r s  a r e  t ransparent  t o  incoming 
rad ia t ion ,  e i t h e r  i n f r a r e d  o r  v i s i b l e  o r  both. 

ITRN =: 0 No l a y e r  t ransparent  
ITRN = I F i r s t ,  outside, l a y e r  t ransparent  
ITRN = 2 F i r s t  and second l a y e r s  t ransparent  
ITRN = 3 F i r s t  and t h i r d  l a y e r s  t ransparent ;  second l a y e r  vacuum. 

I VAC 

I n p u t  - I n t e g e r  cons tan t  

Constant i n d i c a t i n g  t h a t  one ma te r ia l  l a y e r  o f  w a l l  i s  a vacuum space. 

I V A C  = I No vacuum space 
I V A C  = 2 Second 1 ayer  i s vacuum 
I V A C  = 3 Thi r d  l a y e r  i s  vacuum 
I V A C  = 4 Four th  l a y e r  I s  vacuum 

I W  

I n p u t  - I n t e g e r  cons tan t  

Number o f  ma te r ia l  l a y e r s  i n  w a l l  Maximum 5. 

IWALL 

I n p u t  - I n t e g e r  constant  

Wail  number used t o  i d e n t i f y  separate complete w a l l s .  

I W C  

Generated - I n t e g e r  cons tan t  

Tota l  number of S I  i ces  i n  a l l  ma te r ia l  l a y e r s  i n  wa l l ,  p l u s  2 t o  a l l o w  
i d e n t i f i c a t i o n  of o u t s i d e  c o n d i t i o n s  ( I )  and i n s i d e  c o n d i t i o n s  ( I W C ) .  
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IWD 

Generated - Integer constant 
Control integer for D I S T X  and TEMCAL loops. IWD = IWC - I  

J D I  

Input - Integer constant 
Constant controlling print-out of intermediate diagnostic outputs. 

J D I  = 0 No intermediate print-out 
J D I  = I Intermediate print-out 

J T P R  

Output - Integer 
Tests per orbit needed to satisfy basic equation. Number of time inter- 
vals into which orbit i s  divided for computation and output. 

KL 

Input - Integer constant 
Integer determining the number of points used in the interpolation. 
Recommended val ue, 3. 

LBD 

Input - Integer constant 
Identity number of a set of data. 
ing data symbols are: 

Values of this constant and correspond- 

CBD DATA CBD DATA LBD DATA LBD DATA 

I T O ( 1 )  9 TRSO(I) 1 7  TRSI(I) 25 A S 1 2 ( I )  

2 FCO(I) I O  ARSO( I) 1 8  ARSI(I)  26 A N R P ( I )  

3 T I ( 1 )  1 1  TRSSO(I) 1 9  TRKI(I) 27 A R 2 3 ( I )  

4 FCI(I) 12 ARSSO(I) 20 ERKI(I) 28 E R 2 3 ( I )  

5 CUEO(I) 13 TRSTO( I) 2 1  ANRO(I) 29 ANSP(I) 
4 CUEI(1) 1 4  ARSTO(I) 22 A R I Z ( I )  30 A S 2 3 ( 1 )  

7 WLO(1) 1 5 ,  TRKO(I) 23 E R 1 2 ( I )  

8 TWLI(1) 16 ERKO(I) 24 ANSO(I)  
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LBK( I) 

LBN 

LT 1 

LT2 

MA 

MR 

D i mens i on LBK( 30) 

Gene ra ted  

I n p u t  da ta  i d e n t i f i c a t i o n  number f o r  se t  I. 

I n p u t  - I n t e g e r  constant  

Number of  p o i n t s  i n  t h e  immediately f o l l o w i n g  se t  o f  data. 
LBN i s  one more than t h e  number o f  t ime  p e r i o d  subd iv i s ions  f o r  one 
o r b i t  o f  i npu t  data s ince  t h e  l a s t  p o i n t  must be a repeat o f  t h e  f i r s t  
p o i n t  

Numer ica l l y  

I n t e g e r  constant .  Change Step I o f  subrout ine  TAPL be fo re  compi l ing .  

F o r t r a n  number o f  read /wr i t e  tape u n i t  used f o r  i npu t  data.  

I n t e g e r  constant .  Change Step 2 of subro l l t ine  TAPL be fo re  compi l ing .  

F o r t r a n  number of read /wr i t e  tape u n i t  used f o r  ou tpu t  data. 

Output - I n t e g e r  

I n t e g e r  denot ing  t ime  i n t e r v a l  number i n  o r b i t .  

Output - I n t e g e r  

I n t e g e r  denot ing  number o f  o r b i t s  or cyc les  used t o  a r r i v e  a t  s o l u t i o n .  

NDAT 

Generated 

Output message i d e n t i f i c a t i o n  f o r  i n c o r r e c t  i n p u t s -  

AIRESEARCH MANUFACTURING DIVISION 
Las Angefes. California 

SS-3028 
Page 2- IO 



NS ET 

I n p u t  - I n t e g e r  constant  

Minimum number o f  s l i c e s  pe r  m a t e r i a l  l a y e r  t o  be used i n  c a l c u l a t i o n s .  

NSETR 

I n p u t  - I n t e g e r  constant  

Maximum number o f  o r b i t s  o r  cyc les  used i n  program t o  check convergence 

NSETS 

I n p u t  - I n t e g e r  constant  

Number o f  d ivergent  cyc les  pe rm i t ted  be fo re  abandoning c a l c u l a t i o n .  

NWALL 

I n p u t  - I n t e g e r  constant  

Number o f  complete w a l l s  f o r  which s o l u t i o n  i s  des i red .  Maximum 20. 

PROP( I )  

Dimension PROP( 5) 
Output - F ixed p o i n t  - F10.5 

Thermal p r o p e r t y  parameter f o r  

RHO( I) 

D i mens i on RHO( 5) 
I n p u t  - F ixed p o i n t  - F10.5 - 

mate r ia l  i n  l a y e r  I. 

h/cu f t .  

Dens i t y  of m a t e r i a l  i n  l a y e r  1. 

SUMA 

Generated 

X - argument f o r  i n t e r p o l a t i o n  r o u t i n e  

TAB( I) 

D i men s i on TAB ( 402) 

Generated 

One-dimensioval a r r a y  f o r  i n t e r p o l a t i o n  o f  i n p u t  values. 
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THCK( I) 

Dimension THCK( 5) 
I n p u t  - F i x e d  p o i n t  - F10.5 - inches 

Thickness of m a t e r i a l  i n - l a y e r  I .  

Program Dimension TI( 101) 
I n p u t  Dimension DATA (LBN S 201) 
I n p u t  - F ixed  p o i n t  - F10.5 - OF 
I n s i d e  a i r  temperature a t  t ime I .  LgD = 3 .  

Dimension TM( 102, 4 )  

Generated 

Temperature a t  1 i n e  J, s l i c e  I. 

TO( 1) 

Program Dimension TO( 101) 
I n p u t  Dimension DATA (LBN 201) 
I n p u t  - F i xed  p o i n t  - F10.5 - OF 

Outside a i r  temperature a t  t ime I. LBD = I .  

TRKI ( I) 

Program Dimension TRKI( 101) 
I n p u t  Dimension DATA (LBN 5 201) 
Jnput - F ixed  p o i n t  - F10.5 - OF 

I n s i d e  r a d i a n t  s i n k  temperature a t  t ime  I. LBO = 19. 

TRKO( I) 

Prog ram D i mens i on TWO(  IO I ) 
I n p u t  Dimension DATA (LBN 5 2 0 1 )  
I n p u t  - F i x e d  p o i n t  - F10.5 - O F  

Outside r a d i a n t  s i n k  temperature a t  t ime I. LBD = 15. 
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TRSI( I) 

Program Dimension TRSI( 101 
I n p u t  Dimension DATA (LBN 5 201) 
I n p u t  - F i x e d  p o i n t  - F10.5 - OF 

I n s i d e  r a d i a n t  source temperature a t  t ime I. LBD = 17. 

TRSO( I) 

Program Dimension TRSO( 101) 
I n p u t  Dimension DATA (LBN 5 201) 
I n p u t  - F ixed  p o l n t  - F10.5 - OF 

Outs ide - f i r s t  r a d i a n t  source temperature a t  t ime  I. LBD = 9. 

TRSSO( I) 

Program Dimension TRSSO( 101) 
I n p u t  Dimension DATA (LBN s 201) 
I n p u t  - F ixed  p o i n t  - F10.5 - OF 

Outside - second r a d i a n t  source temperature a t  t ime  I. LBD = I I .  

TRSTO( I> 

Prog ram D i mens i on TRSTO( IO I ) 
I n p u t  Dimension DATA (LBN 5 201) 
I n p u t  .. F ixed  p o i n t  - F10.5 - OF 

Outside - t h i r d  r a d i a n t  source temperature a t  t ime  I. LBD = 13. 

TSUM( I> 

D imens i o n  TSUM( 20) 

Average DELT f o r  o r b i t  I. 

ITEM( I } 

D i mens t on TTEM( 100) 

Generated 

Temperature, f rom prev ious cycle, f o r  s l i c e  - t ime  parameter I. 

TwLI( I) 

Program Dimension W L I (  101) 
I n p u t  Dimension DATA (LBN I; 201) 
I n p u t  - F ixed  p o i n t  - F10.5 - OF 
Output - F i x e d  p o i n t  - F7.2 - OF 

I n s i d e  w a l l  su r face  temperature a t  t ime I. LBD = 8. 
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WLO( I) 

Program Dimension WLO( 101) 
I n p u t  Dimension DATA (LBN 5201)  
I n p u t  - F ixed  p o i n t  - F10.5 - O F  

Output - F ixed  p o i n t  - 'F7.2 - O F  

Outside w a l l  su r face  temperature a t  t ime I. LBD = 7. 

Dimens i o n  X( 102,4) 

Generated 

X-axis l o c a t i o n  o f  1 i n e  J o f  sl i c e  I, wi th  s l i c e s  s e q u e n t i a i l y  numbered 
f rom ou ts ide .  Outside c o n d i t i o n s  a r e  s l i c e  I .  F i r s t  s l i c e  o f  f i r s t  
m a t e r i a l  l a y e r  is  s l i c e  2. 

Dimens i o n  XD( 5,20,5) 
Output - F ixed  p o i n t  - F10.5 - Feet 

X-axis l o c a t i o n  o f  l i n e  K o f  s l i c e  J o f  m a t e r i a l  l a y e r  1. 

XDD I 2  

Generated 

P ropor t i ona l  i t y  f a c t o r  used i n  determin ing temperature a t  i n t e r f a c e  
between m a t e r i a l  l a y e r s  I and 2, w i t h  I ou ts ide .  

XDD23 

Generated 

P r o p o r t i o n a l i t y  f a c t o r  used i n  determin ing temperature a t  i n t e r f a c e  . 
between m a t e r i a l  l a y e r s  2 and 3.  

XDD34 

Gene r a't ed 

P ropor t i ona l  i t y  f a c t o r  used i n  determin ing temperature a t  i n t e r f a c e  
between m a t e r i a l  l a y e r s  3 and 4. 

XDD45 

Propor t i ona l  i t y  f a c t o r  used i n  determin ing temperature a t  i n t e r f a c e  
between m a t e r i a l  l a y e r s  4 and 5. 
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XKDX( I) 

Dimension XKDX( 5) 
Output - F i x e d  p o i n t  - F10.5 - Feet 

O f f s e t  d i s tance  f o r  c o n s t r u c t i o n  l i n e s  2 and 4 f o r  each s l i c e  o f  
m a t e r i a l  l a y e r  I. 

!~ 
X W I  

Gene r a t e d  

Constructed X-axis l o c a t i o n  o f  i n s i d e  w a l l  sur face.  

xwo 

Generated 

Constructed X-axis l o c a t i o n  o f  o u t s i d e  w a l l  sur face.  

Y 

Generated 

The i n t e r p o l a n t  in t h e  i n t e r p o l a t i o n  subrout ine.  
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SECTION 3 

ANALYSIS AND LOGIC 

THEORETICAL BACKGROUND 

The general  d i f f e r e n t i a l  equa t ion  express ing the r a t e  o f  change o f  
temperature w i t h  respect  t o  t ime a t  any p o i n t  is, f o r  u n i d i r e c t i o n a l  heat 
f low, 

a t  k a 2 t  
x=pCax2 

where t i s  temperature; 8,  t ime; x, d is tance;  , thermal c o n d u c t i v i t y ;  
p, dens i t y ;  and c, s p e c i f i c  heat a t  constant  pressure.  

To a v o i d  the comp lex i t y  inherent  i n  a n a l y t i c a l  s o l u t i o n s  o f  t h i s  equa t ion  
f o r  many d i f f e r e n t  boundary cond i t i ons ,  the computer program is based on the 
g raph ica l  method o f  f i n i t e  d i f f e r e n c e s .  The s o l u t i o n  o f  t h i s  problem by means 
o f  the method o f  f i n i t e  d i f f e r e n c e s  is based upon work by E, Schmidt 
(Reference I ) ,  which has been extended by Nessi and N i s o l l e  (Reference 2), 
and reduced t o  p r a c t i c a l  a p p l i c a t i o n  by Raber and Hutchinson (References 3, 4 ,  
and 5) .  Consider a f i n i t e  s e c t i o n  o f  homogeneous w a l l ,  Ax o f  F igu re  I ,  across 
which the temperature g r a d i e n t  a t  a p a r t i c u l a r  t ime i s  g i ven  by the dashed 
l i n e .  A t  t h a t  time, the g r a d i e n t  a t  each boundary i s  the tangent t o  the dashed 
l i n e  a t  t h a t  p o i n t .  Draw the  tangent l i nes ,  e s t a b l i s h  a p a i r  o f  c o n s t r u c t i o n  
l ines,  F igu re  2,  a t  d i s tance  p = KAx on e i t h e r  s i d e  o f  the midplane o f  the 
Ax sect ion,  and l a b e l  the i n t e r s e c t i o n s  a, b, and c. Extend ab t o  i n t e r s e c t  
the r i g h t  c o n s t r u c t i o n  l i n e  a t  e, e r e c t  perpendicu lar  bbP,  and connect a and 
c w i t h  a s t r a i g h t  l i n e  which i n t e r s e c t s  the midplane o f  the f i n i t e  area a t  
p o i n t  d o  

The instantaneous r a t e  o f  heat f l o w  i n t o  the f i n i t e  element f rom the 
l e f t  i s  

b 'e  - -kA 2 = -kA (s lope ab) = f kA - 
P 9 = - -  

nQe 
A8 

and the corresponding r a t e  o f  heat f l o w  i n  from the r i g h t  i s  

*Qr - -kA A t  - = f kA (s lope bc)  = + kA - b ' c  
AB Ax P 

q = - -  
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Figure 1-. Finite Wall Section Figure 2. Temperature Gradients 
in Wall Section 

' LASSUMED GRADIENT, e 

Figure 3. Original Assumed Gradient Figure 4 .  Gradient at End of F i r s t  
Ti me Increment 

r P R E V I O U S  GRADIENT, O+lA9 

\-CONSTRUCTED GRADIENT, 0 + 2Ae  

Figure 5. Gradient at End o f  Second 
Time Increment 
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The n e t  heat g a i n  o f  the element d u r i n g  the f i n i t e  t ime i n t e r v a l ,  A@, i s  
equal t o  the sum o f  the  heat e n t e r i n g  f rom l e f t  and r i g h t .  I t  a l s o  can be 
expressed in terms o f  the  change i n  mean temperature, At, which must occur 
d u r i n g  the same t ime i n t e r v a l  : 

AQ, +AQr = kA (A9) (y + y )  = p c  (At ) (Ax)  A 

or 

c (At ) (&> - b P e  $- b g c  ce - = -  b 'e  b ' c  - + -  = .Q 

P P k (A@) P P 

By s i m i l a r  t r i a n g l e s ,  bd = 1/2 ce o r  ce/p = 2(bd)/p and, by d e f i n i t i o n ,  
p = K ( A x ) ;  thus, 

or, i f  pc/k  = a, 

Now, if a r e l a t i o n s h i p  i s  e s t a b l i s h e d  among Ax, A0, and K so t h a t  

(4) 

then the mean temperature change o f  the element du r ing  the t ime i n t e r v a l ,  AO, 
i s  represented by the d i s tance  bd. ' I f the temperature g rad ien t  abc is  known 
a t  a p a r t i c u l a r  time, the  temperature a t  the midplane o f  the element A0 hours 
l a t e r  i s  d i r e c t l y  determined by drawing l i n e  ac and f i n d i n g  the i n t e r s e c t i o n  
a t  p o i n t  d on the midplane, Po in t  d i s  the midplane temperature a t  the end 
o f  the A0 i n t e r v a l  

PRACTICAL APPLICATION TO HOHOGENEOUS WALLS 

I n  p rac t i ce ,  t he re  a re  c e r t a i n  r e s t r i c t i o n s  on the use o f  Equat ion ( 8 ) :  

I ,  The element o f  w a l l  width, Ax, must be an a l i q u o t  o f  the a c t u a l  
w a l l  w idth,  

2. The t ime i n t e r v a l ,  A0, must be an a l i q u o t  o f  the complete c y c l e  
t ime 

3. The va lue o f  K must n o t  exceed I ,  t o  a v o i d  e x t r a p o l a t i o n  o f  t h e  
temperature g r a d i e n t  
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To s i m p l i f y  the g raph ica l  work, one may s e t  K = 1 ,  s e l e c t  a va lue of h 
small  enough so t h a t  the second d e r i v a t i v e  o f  temperature across an element 
w i l l  n o t  be great,  and c a l c u l a t e  the r e q u i r e d  va lue o f  A8 needed t o  s a t i s f y  
Equat ion (8), 

Since p now i s  equal t o  h, c o n s t r u c t i o n  1 ines a re  e l  iminated, and a 
s o l u t i o n  i s  ob ta ined  u t i l i z i n g  o n l y  the  f i n i t e  s e c t i o n  cen te r  l i n e s ,  Thus, 
an o r i g i n a l  problem, F igu re  3, i s  a c t u a l l y  so lved by use o f  the l i n e s  shown 
i n  F igu re  4 .  The temperature a t  the midplane o f  a f i n i t e  sect ion,  A8 hours 
a f t e r  a known temperature g r a d i e n t  abc (F igu re  4 ) ,  i s  determined by drawing 
a s t r a i g h t  1 ine  connect ing the i n t e r s e c t i o n s  o f  the o r i g i n a l  temperature g r a d i -  
e n t  a t  the midplanes o f  the sec t i ons  t o  the r i g h t  and l e f t  o f  the one f o r  
which the temperature i s  t o  be determined. Thus, temperature b becomes b '  
a f t e r  A8 hours 

By s i m i l a r  means, temperatures c 9  and d P  a re  found, By us ing  a f i c t i t i o u s  
l o c a t i o n  f o r  the o u t s i d e  and i n s i d e  temperature points ,  the p o i n t s  a ?  and e ?  
a r e  determined, The w a l l  sur face temperatures a re  determined from a-b and 
d-e, r e s p e c t i v e l y .  The f i c t i t i o u s  l o c a t i o n s  o f  the o u t s i d e  temperature p o i n t s  
a r e  determined from the f r a c t i o n s  k /h. and kw/h in  which kw i s  w a l l  con- 

W I  0' 

d u c t i v i t y  and ho and h. a re  the o u t s i d e  and i n s i d e  f i l m  c o e f f i c i e n t s ,  

f r a c t i o n  has the dimensions o f  f e e t  and t h e r e f o r e  represents a s p e c i f i c  
d i s tance  from the ou ts ide  o r  i n s i d e  w a l l  sur face.  

I 

F igu re  5 shows the same w a l l  as F igu re  4 ,  a f t e r  another A0 t ime i n  
I f  the o u t s i d e  temperature i s  varying, as w i t h  a t y p i c a l  sate1 1 i t e  heat 
c o o l i n g  problem, then the c o n s t r u c t i o n  can be c a r r i e d  on f o r  a complete 

he 

e r v a l  
ng o r  
orb!  t 

o r  cycle., Th is  f i r s t  c y c l e  w i l l  be crude, b u t  succeeding cyc les  w i l l  more 
c l o s e l y  approach the t r u e  c o n d i t i o n  so t h a t  a f t e r  t h ree  o r  f o u r  cyc les  an 
approximat ion w i l l  be reached t h a t  w i l l  be acceptable f o r  most engineer ing 
purposes 

APPLICATION TO COMPOSITE WALLS 

A more complex a n a l y s i s  i s  r e q u i r e d  f o r  s o l u t i o n  o f  p e r i o d i c  thermal loads 
i n  compos i t e  w a l l  s A compos i t e  w a l l  i s  de f i ned  here as one composed o f  clp 
t o  f i v e  d i f f e r e n t  m a t e r i a l s ,  each w i t h  i t s  own dimensions and phys i ca l  proper-  
t i e s ,  One mater ia !  may be an a i r  space o r  a vacuum space. P r o v i s i o n  i s  made 
f o r  r a d i a n t  heat interchange i n  the  a i r  space, i n  the vacuum space, and t o  
and/or f rom each e x t e r n a l  surface,, To a v o i d  abrupt  changes i n  the s lope o f  
the temperature g r a d i e n t  a t  I n t e r f a c e s  between sec t i ons  of  d i f f e r e n t  ma te r ia l s ,  
an e q u i v a l e n t  w a l l  i s  s e t  up hav ing un i fo rm c o n d u c t i v i t y  throughout.  Th is  
r e q u i r e s  m o d i f i c a t i o n  o f  Equat ion (8);  thus, 

K (Ax>* 
2a 

a e =  

The t o t a l  e q u i v a l e n t  w i d t h  o f  each homogeneous s e c t i o n  o f  the composite w a l l  
w i l l  be ke wa/ka, where k i s  the un i fo rm c o n d u c t i v i t y  o f  the f i c t i t i o u s  wa l l ,  e 

AIRESEARCH MANUFACTURING DIVISION 
Las Angeles, California 

SS-3028 
Page 3-4 



ka the t r u e  c o n d u c t i v i t y  o f  s e c t i o n  a, which has w i d t h  wa. I f  the a r b i t r a r y  

term, k i s  taken as un i t y ,  t he  e q u i v a l e n t  t o t a l  w i d t h  o f  s e c t i o n  a becomes 

wa/ka, and the e q u i v a l e n t  width, Ax', o f  the f i n i t e  element Ax o f  s e c t i o n  a i s  
e' 

I f  a and Ax a r e  s u b s t i t u t e d  f o r  i n  Equat ion ( 9 ) ,  

I( (ka Ax* ) '  

ka 
a e =  = I / 2  pc k K   AX^)^ 

a .  
_p 

PC 

Equat ion ( 1 1 )  i s  t he  b a s i s  o f  the a n a l y s i s  o f  composite w a l l s .  

The g raph ica l  s o l u t i o n s  o f  References I ,  2, 3, 4 ,  and 5 were o r i g i n a l l y  
a p p l i c a b l e  t o  o r d i n a r y  house c o n s t r u c t i o n .  However, i f  a p p l i e d  t o  metal  w a l l s  
exposed t o  s u n l i g h t ,  where the w a l l  may be h o t t e r  than the a i r ,  g raph ica l  
s o l u t i o n  becomes more d i f f i c u l t  s ince the slopes o f  the l i n e s  a r e  so g rea t .  
The s teep slopes a r e  n o t  a problem w i t h  a d i g i t a l  computer program because o f  
i t s  a b i l i t y  t o  handle numbers o f  w ide l y  va ry ing  magnitudes. 

Computer Proqram f o r  Composite Wall s 

The computer program can be l o g i c a l l y  d i v i d e d  
par t ,  based on Equat ion ( I  I ), s t a r t s  w i t h  the known 
o f  the wal l ,  i n c l u d i n g  the thickness, densi ty ,  spec 
o f  each m a t e r i a l ,  and ( I )  designs an e q u i v a l e n t  wal 
determines approp r ia te  values o f  Ax f o r  each m a t e r i  
s o l u t i o n .  

n t o  two pa r t s ,  The f i r s t  
phys i ca l  c h a r a c t e r i s t i c s  
f i c  heat, and c o n d u c t i v i t y  

1, and o f  A9 f o r  the w a l l  
o f  k = I, and ( 2 )  

The second p a r t  o f  the program u t i l i z e s  the e x t e r n a l  temperature c o n d i t i o n s  
a p p l i c a b l e  t o  each s i d e  of the wa l l ,  v a r i e d  as a f u n c t i o n  o f  time, and the  
r a d i a t i o n ,  conduction, and convect ion ( o r  t o t a l  Q) a p p l i c a b l e  t o  each w a l l  
surface, together  w i t h  the r e s u l t s  o f  the f i r s t  p a r t  o f  the program. Successive 
s o l u t i o n s  a re  obtained, f o r  each reference l i n e  a t  each 0, w i t h  the e n t i r e  
o r b i t a l  c y c l e  be ing repeated as o f t e n  as needed t o  secure the des i red  
repeatabi  I i ty, w i t h i n  a s p e c i f i e d  AT, 

The f l o w  c h a r t  f o r  t h e  computer program l o g i c  i s  shown i n  F i g u r e  6.., Page 
4-2. 
ing t o  the  f i r s t  w a l l  t o  be analyzed., I f  one l a y e r  i s  a vacuum., a r t i f i c i a l  
dimensions a r e  s e t  up f o r  t h a t  l a y e r .  
f o r  each l a y e r  i n  the  w a l l .  Th is  equation, w r i t t e n  i n  terms o f  t h e  nomencla- 
t u r e  used i n  t h e  FORTRAN prQgramJ w i l l  be, w i t h  K = I 

The f i r s t  p o r t i o n  o f  t he  program reads i n  constants  and dimensions apply-  

The program then solves Equat ion ( 1 1 )  

DTHM = Oa 5*RHO*CSUBP%COND*( THCK/( I244OND) ) W 2  (12)  
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To s impl i fy ,  

PROP = O.%RHOKSUBP*COND 13) 

DXN = ((THCK/( 12.*COND))~~2)/AI27 (14) 

where A127 = t h e  number o f  s l  i c e s  i n t o  which t h e  w a l l  m a t e r i a l  is t o  be 
d i v i d e d  f o r  purposes o f  ana lys i s .  
i s  t h e  i n p u t  constant, NSET, and t h e  maximum va lue  i s  20. 

The minimum va lue  o f  AI27 

The program equat ioq  then is  

DTHN- = PROP*DXN4+2 (15) 

. Equat ion (15) i s  a p p l i e d  t o  each of  the  w a l l  m a t e r i a l s  separa te lyn  wEth 
t h e  number o f  s l  i ces  i n  each w a l l  be ing separa te ly  Increased u n t i l  t h e  va lue  
of DTHN f o r  each w a l l  i s  such as t o  keep the  number o f  t ime i n t e r v a l s  pe r  
o r b i t  w i t h i n  t h e  l i m i t s  ITPSdAX and ITPHINO I n  some cases, t h e  s o l u t i o n  may 
r i d e  the  l i m i t .  The number o f  t e s t s  o r  t ime i n t e r v a l s  per  o r b i t ,  JTPR, w i l l  
be t h e  h ighes t  i n t e g e r  a p p l i c a b l e  t o  any one l a y e r  and i t  w i l l  be used f o r  
a l l  l a y e r s  and f o r  the  ou tpu t  data. Th is  I s  e s s e n t i a l l y  equ iva len t  t o  say ing 
t h a t  t h e  va lue  o f  K9 Equat ion ( I I ) ,  w i l l  be I f o r  a t  l e a s t  one ma te r ia l  and 
l e s s  than I f o r  a l l  o t h e r  ma te r ia l s .  Th is  procedure lends v a l i d i t y  t o  t h e  
o r i g i n a l  assumption o f  a c o n d u c t i v i t y  o f  1.0 i n  a l l  w a l l s .  

F u r t h e r  c o r r e l a t i o n  between w a l l s  o f  d i f f e r e n t  m a t e r i a l s  ! s  obta ined by  
use o f  t h e  c o n s t r u c t i o n  l i n e  o f f s e t  distance, XKDX, i n  accordance w i t h  t h e  
equat ion 

XKDX = DTHM/( PWOP%DXN) 

where DTHM = minimum va lue  o f  DTHN f o r  any l a y e r .  

The program nex t  goes t o  subrout ine  DATAA, which reads I n  a l l  imposed 
thermal condi t ions,  i nc l  u d i  ng a i  r temperatures, f i 1 m t r a n s f e r  c o e f f i c i e n t s ,  
q u a n t i t y  va lues I n  Btu, a b s o r p t i v i t i e s  and emiss i v i t i es ,  t r a n s m l s s i v l t l e s  
and r e f l e c t i v i t i e s ,  r a d i a n t  source and s i n k  temperature, and w a l l  temperaturesg 
as requ i red .  Each s e t  o f  i n p u t  data, w i t h  respect  t o  each item, must represeqt  
va lues even ly  spaced, i n  time, f o r  one complete o r b i t  or  cycle,  wit.l: 
t h e  f i r s t  p o i n t  repeated as t h e  l a s t  p o i n t .  The numbers o f  p o i n t s  i n  t h e  d i f -  
f e r e n t  types o f  data need n o t  be t h e  same- The program uses a Lagrangian in-  
t e r p o l a t i o n  process t o  t r a n s l a t e  t h e  da ta  f rom t h e  g i v e n  number o f  va lues pe r  
o r b i t  t o  JTPR number o f  va lues per  o r b i t .  I t  a l s o  performs o t h e r  opera- 
t i o n s ;  f o r  example, a l l  r ad ian t  temperatures a r e  t ransformed i n t o  IO-* t imes 
t h e  4 t h  power o f  t h e  abso lu te  temperature be fo re  t h e  va lues a r e  s to red  i n  t h e  
co re  

Subrout ine DISTX computes 
respond w i t h  t h e  va lues o f  DXN 

a l l  t h e  dimensions i n  t h e  x d i r e c t i o n  t o  co r -  
and XKDX s e t  up e a r l i e r  for  each s l i c e  o f  each 
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material. The outside surface of the first material is assigned a value of 
10.0 feet, to avoid negative numbers. An example wall is shown in Figure 7, 
Page 4-3, which gives the original physical characteristics of each of the 
three materials forming the wall. Using the assumption that the conductivity 
of the entire wall is to be 1.0 Btu per hour per sq ft per deg F per ft, the 
program determines the following values for use in the theoretical wall: 

S T A R T l N G  NEW PROBLEKtWALL NO = 1 

2 2 1.04167 2.08333 0.08355 0 07 700 1,04167 

For the given orbit period of 2.4  hours, the program divides the first 
material layer into 3 sl ices and the second and third layers into 2 sl ices 
each. Since the smallest time interval computed, DTHN, is that corresponding 
t o  layer 2, for which it is 0.08355 hours, there will be 2.4/0.08355 or 29 
time intervals per orbit. All input data will be interpolated to 29 time 
intervals and the output will show 29 intervals per orbit. The actual dis- 
tances set up by the program will be: 

OUTSIDE = 1O.OOOCO LEFT CONST = 3.81776 NIDPOINT = 10.27006 RIGHT COYST = 10.72236 I N S I D E  = 10.54012 

LAYER 1 SLICE NUMBER 2 
OUTSIDE = 10.54012 L t F T  C W S T  = 10.35788 W l D P O f N r  = 10.81018 RIGHT CONST = 11.26249 INSIDE = 1 1 ~ 0 8 0 2 5  

A l l  of these lines, and their program identificafions, are shown in 
Figure 8, Page 4-4. 
one foot from the outside surface, and an Inside Source line, X ( 9 , 3 } ,  located 
one foot from the inside surface. Since the assumption of unity for the con- 
ductivity is applied beyond the wall as well as within the wall, the use of 
these "source" 1 ines allows the temperature scale, shown as the Y dimension 
in Figure 8, to be used also as a Btu scale. Thus all inputs, whether in the 
form of an air temperature and film coefficient, a wall surface temperature, 

This figure also  shows an Outside Source 1 ine, X( l,3}, 
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a gross Btu input, o r  a r a d i a v t  heat i ~ p u t . ,  a r e  f i r s t  conver ted by  t h e  pro- 
gram t o  e q u i v a l e n t  Btu a c t i n g  a t  t h e  r e s p e c t i v e  "source" 1 ine.  
added, a l g e b r a i c a l l y ,  and the  r e s u l t i n g  depar tu re  f rom t h e  w a l l  su r face  tem- 
pe ra tu re  acts, f o r  t he  purposes of computation, e x a c t l y  as a source a t  numeri- 
c a l  1 y t he  same temperature. 

They a r e  then 

This  i s  more c l e a r l y  shown i n  F i g u r e  9, Page 4-5, where va r ious  types of  
loads and t h e  mathematical procedure used i n  t h e l r  computat ion a r e  shov~'n On 
t h e  two s ides  o f  t h e  w a l l .  A t  t he  extreme l e f t  cf t h i s  f i g u r e  i s  shown a 
sca le  o f  Radiant Source o r  Sink Tewperature, OF which i n d i c a t e s  t.he r e l a t i v e  
e f f e c t  o f  source and s i n k  and w a ! !  temperature f o r  r a d i a t i v e  interchange, 
assuming an a b s o r p t i v i t y  and an e w i s s i v i t y  o f  1 .  

F i g u r e  9 a l s o  shows t h e  complete geometr;c c o n s t r u c t i o n  f o r  t h r e e  steps 
o f  an example problem. The computer equat ions produce the same r e s u l t s  as 
t h e  g raph ica l  procedure3 The assumed o r j g i n a l  distribution of temperature 
i s  t h a t  o f  l i n e  I, running froln an o u t s i d e  source temperature o f  250'F t o  an 
i n s i d e  source temperature of  50°F (an  exaggerated s i t u a t i o n  has been used t o  
keep t h e  1 i nes  separated) .  A f t e r  t he  passage o f  a t ime  i r - t e r v a l  DTHN, i t  i s  
assumed t h a t  the new source temperatures wi I I be 300"~ awi NOF, respectively. 
By use o f  t h e  c o n s t r u c t i o n  1 ines 4 and these rlew source temperatures, a new 
temperature d i s t r i b u t i o n  l i n e  2 Es obta ined.  N\loke t h a t  the c o n s t r u c t i o n  l i n e s  
connect i n t e r s e c t i o n s  of t h e  prev ious temperature d i s t r i b u t i o n  l i r i e  w i t h  the  
p a i r s  o f  v e r t i c a l s  X(n,2) and X ( r j 4 ) -  The i n t e r s e c t i o n s  of t h e  c o n s t r u c t i o n  
1 ines w i t h  t h e  r e s p e c t i v e  v e r t i c a ! s  X ( n j 3 )  determine the  i , f lect. ion p o i n t s  of  
t h e  new-temperature d i s t r i b u t i o n  l i n e o  The p r c c e s ~  is repeated, us ing  source 
temperatures o f  35OoF and IO°FFs together  w i t h  const ructiorl  1 ines 5 t o  d e t e r -  
mine the  temperature d i s t r i b u t i o n  l i ~ e  3 a f t e r  a second DTtiN t ime i n t e r v a l .  
Note t h a t  i t  i s  sometimes pecessary t o  extrapolat .e c e r t a i n  segments o f  l i n e s  
I and 2 t o  o b t a i n  c o r r e c t  s t a r t i v g  p o i n t s  for  the c o n s t r u c t i o n  [ i n e s  4 and 5.  

The procedure descr ibed in t h e  prev ious paragraph is repeated u n t i l  a l l  
t ime  i n t e r v a l s  f o r  t h e  f i r s t  o r b i t  have been covputed. At t he  same time, a 
m a t r i x  of answers, c o n s i s t i n g  of up t o  10 t ime i q t e r v a l s  and up t o  SO s l i ces ,  
i s  s t o r e d  i n  the c o r e  f o r  comparison on the  next o r b i t .  The program then 
computes a l l  the temperatures f o r  a second? repeat, o r b i t .  F o r  each tempera- 
t u r e  which was s t o r e d  OR t he  prev ious o r b i t ,  cornparisor! i s  made and the d i f -  
ference i s  added t o  a "sum o f  t he  d i f f e rences . ! '  
replaced by the 'new temperature and t h e  computat ion proceeds. A t  t he  end of  
t h e  o r b i t  o r  c y c l e  the  average abso lu te  d i f f e r e n c e  is determined from t h e  
sum o f  t h e  d i f f e r e n c e s  and compared w i t h  the i npu t  va lue  DELT. 
i s  g r e a t e r  than DELT, another c y c l e  and another covpar ison a r e  made. 
average i s  l e s s  than o r  equal t o  DELTJ the  program goes through one more cycle, 
w i t h o u t  comparison, and p r i n t s  out. t h e  answers fo r  each t ime p e r i o d  and f o r  
a l l  sur faces and i n t e r f a c e s .  This  p o r t i o q  o f  t he  program a l s o  con ta ins  a 
check f o r  d i v e r g i n g  answers- 
than NSETS times, a " f a i l u r e  t o  corlverge" rressage w i l l  be pr in ted,  t oge the r  
w i t h  p e r t i n e n t  r e s u l t s .  A l so  i f  t h e  average does n o t  become l e s s  than o r  
equal t o  DELT i n  NSETP, cycles,  a s i m i l a r  procedure i s  fol6owed. 

The s t o r e d  temperature i s  

I f  t h e  average 
I f  the  

If t h e  "averaye'? def  Ined above, increases more 
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VACUUM LAYER 

I f  one l a y e r  o f  ma te r ia l  i s  a vacuum, t h e  program makes a l lowance f o r  
t h i s  by subrout ine  DISVAC, wh ich  computes DXN, t h e  t h e o r e t i c a l  th ickness  o f  
t h e  vacuum s l i c e ,  f o r  each t ime  pe r iod  i n  each o r b i t .  The v a l u e  o f  DXN i s  
t h e  th ickness  of a w a l l  o f  u n i t  c o n d u c t i v i t y  which passes t h e  (lumber o f  B tu  
pe r  sq f t  wh ich  f l ows  across t h e  vacuum l a y e r  under t h e  i n f l uence  o f  t h e  
e x i s t i n g  su r face  temperatures f a c i n g  t h a t  l a y e r .  Due a l lowance is made f o r  
t h e  a b s o r p t i v i t y  and e m i s s i v i t y  o f  each o f  t h e  boundary sur faces .  

TRANSPARENT LAYERS 

The computat ion o f  t ransparent  l a y e r s  i s  c a r r i e d  on i n  subrout ine  TEMTRN 
as  f o l  lows: 

Tota l  r a d i a n t  i n p u t  f r o m  ou ts ide .  
CUE(‘3) 

To ta l  i n f r a r e d  heat inpu t .  
QR = CUE( 3) ‘$ER I 2 (  Ea) 

I n f r a r e d  r e f l e c t e d  a t  f i r s t  sur face  o f  f i r s t  l a y e r .  Subtracted 
f rom t o t a l  a 

QR-%AR I 2 ( M) 

I n f r a r e d  absorbed a t  f i r s t  sur face  o f  f i r s t  l a y e r .  Subtracted 
f r o m  t o t a l .  This was computed as p a r t  o f  load  CUE(9) i n  subrout ine  
TEMPER * 

QR”ARSO( M) / . I 73 

Net i n f r a r e d  e n t e r i n g  f i r s t  t ransparent  l a y e r .  
QR*F R 1 

where FRI = I . - A R l 2 ( M ) - A R S O ( M > / . l 7 3  

I n f r a r e d  absorbed w i t h i n  t h e  f i r s t  l a y e r .  P r o p o r t i o n  added t o  
t h e  input  temperature t o  the  f i r s t  s l  i c e  o f  t he  f i r s t  l a y e r .  

QR*(FRI -FRI~)  
where FR12  = ( F R I * F R 2 ) 0 * 5  

CUE( 9) =: CUE( 9)+QR*( FRI -FRIZ )  

I n f r a r e d  absorbed w i t h i n  t h e  f i r s t  l a y e r .  Propor t  ion  added 
t o  t h e  center1 i n e  temperature o f  t h e  l a s t  S I  i c e  of  t h e  f i r s t  
l a y e r .  
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Net i n f r a r e d  energy l eav ing  f i r s t  l a y e r .  

By d e f i n i t i o n  of  FR2 
QRT = QR4$FR2 

A t  t h i s  p o i n t  t h e r e  a r e  four p o s s i b i l i t i e s ,  o n l y  one o f  which 
w i l l  app ly  t o  a s i n g l e  case: 

I .  If t h e  w a l l  c o n s i s t s  of o n l y  one t ransparent  layer,  then 
t h e  i n f r a r e d  energy l eav ing  t h a t  l a y e r  ( w a l l )  w i l l  be 

QRT = QR4$FR2 

2 .  I f  t h e  second l a y e r  i s  t ransparent  t o  i n f r a r e d  then t h e  
i n f r a r e d  energy e n t e r i n g  t h e  second l a y e r  w i l l  be reduced 
by r e f l e c t i o n  a t  t h e  i n t e r f a c e  between l a y e r s  I and 2. 

QR"FR.2 I 
where FW21 = FR2+*( I -AR23(M)) 

3. I f  t h e  second l a y e r  is a vacuum, t h e  i n f r a r e d  energy 
e n t e r i n g  t h e  P t h i r d  l a y e r  w i l l  be 

QR+F R2+AVAC I 

4 .  I f  t h e  second l a y e r  i s  opaque t o  in f ra red ,  t h e  c e n t e r l i n e  
temperature of  t h e  f i r s t  S I  i c e  o f  t h e  second l a y e r  i s  
ad jus ted  t o  account f o r  abso rp t i on  of t h i s  energy 

TM( LW 124- I , 3) = TM( LW I2+ I, 3) +QR*FR2 

I n f r a r e d  absorbed w i t h i n  t h e  second l a y e r .  Propor t  ion  added 
t o  t h e  c e n t e r l i n e  temperature o f  the  f i r s t  S I  i c e  o f  the second 
l a y e r .  P ropor t i on  added t o  the  center1 ine  temperature o f  t h e  
l a s t  s l i c e  o f  t h e  second l a y e r .  

C a l c u l a t i o n s  analogous t o  those f o r  the  f i r s t  l a y e r .  I f  
second l a y e r  i s  a vacuum, these a r e  a p p l i e d  t o  t h e  t h i r d  
l a y e r .  

Net i n f r a r e d  l e a v i n g  second l a y e r  ( o r  t h i r d  layer )  
Q R ~  =: Q R S $ F R ~ + $ F R ~  

By d e f i n i t i o n  o f  FR3 and FR2 

I f  t h e  nex t  l a y e r  i s  opaque t o  in f rared,  t h e  c e n t e r l i n e  temperature 
o f  t h e  f i r s t  s l  i c e  o f  t h a t  l a y e r  i s  ad jus ted  t o  account f o r  absorp- 
tion of  t h i s  energy as be fore .  

To ta l  s o l a r  ( v i s i b l e )  energy input  
QS = CUE(S)*( I .-ERl2(M)) 

So la r  ( v i s i b l e )  r e f l e c t e d  a t  f i r s t  su r face  o f  f i r s t  l a y e r .  Sub- 
t r a c t e d  f rom t o t a l .  

QS%AS I 2 ( M) 
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S o l a r  ( v i s i b l e )  absorbed a t  f i r s t  su r face  of  f i r s t  l a y e r .  Sub- 
t r a c t e d  from t o t a l .  
sub rou t ine  TEMPER 

Th is  was computed as p a r t  o f  l oad  CUE(8) i n  

QS*ARSSO( M) / I 73 

Net s o l a r  ( v i s i b l e )  e n t e r i n g  f i r s t  t ransparent  l a y e r .  
QS+$FS I 

where FSI = I .-AS12(M)-ARSSO(M)/. 173 

So la r  ( v i s i b l e )  absorbed w i t h i n  t h e  f i r s t  l a y e r .  P ropor t i on  
added t o  t h e  i n p u t  temperature t o  the  f i r s t  s1 i c e  of  t h e  f i r s t  
l a y e r .  

QS*( FS 1 - 6 3  12) 
where FS12 = (6%I*FS2)*.5 

CUE( 8) = CUE( 8) +QS*( FS 1 -FS 12) 

So la r  ( v i s i b l e )  absorbed w i t h i n  t h e  f i r s t  l a y e r .  P ropor t i on  
added t o  t h e  c e n t e r l  i n e  temperature o f  t h e  l a s t  s l i c e  o f  t h e  
f i r s t  l a y e r .  

CS I 2  = QS45( FS I2-FS2) 
TM( LW I2,3) = TM( LW I2,3) f. 5$t( DXN( I ) -t.DXN( 2) ) “CS I 2  

Net s o l a r  ( v i s i b l e )  energy l e a v i n g  f i r s t  l a y e r .  
QST = QS’”tFS2 

By d e f i n i t i o n  o f  FS2 

A t  t h i s  p o i n t  t h e r e  a r e  f o u r  p o s s i b i l i t i e s ,  o n l y  one o f  which 
w i l l  app ly  t o  a s i n g l e  case. 

1 .  

2. 

3.  

4. 

I f  t h e  w a l l  c o n s i s t s  o f  o n l y  one t ransparent  layer,  then 
t h e  s o l a r  ( v i s i b l e )  energy l e a v i n g  t h a t  l a y e r  ( w a l l )  w i l l  
be 

QST = QS3‘FS2 

I f  t h e  second l a y e r  i s  t ransparent  t o  s o l a r  ( v i s i b l e )  
then t h e  s o l a r  ( v i s i b l e )  energy e n t e r i n g  t h e  second 
l a y e r  w i l l  be reduced by  r e f l e c t i o n  a t  t h e  i n t e r f a c e  
between laye rs  I and 2. 

QS*FS2 I 
where FS21 = FS2*(. I-AS23( M)) 

I f  t h e  second l a y e r  is a vacuum, t h e  s o l a r  ( v i s i b l e )  
energy e n t e r i n g  t h e  t h i r d  l a y e r  w i l l  be . 

QS%FS2 I 

I f  t h e  second l a y e r  i s  opaque t o  s o l a r  ( v i s i b l e ) ,  t he  
c e n t e r l  Ine  temperature o f  t h e  f i r s t  s i  i c e  o f  t h e  second 
l a y e r  is ad jus ted  t o  account f o r  abso rp t i on  o f  t h i s  energy. 

TM( LW I 2+ I ,3) = TM( LW I 2+ I ,3) t-QS”FS2 
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Solar  ( v i s i b l e )  absorbed w i t h i n  the second l a y e r .  
added t o  the c e n t e r l i n e  temperature o f  the f i r s t  s l i c e  o f  the 
second l a y e r .  P ropor t i on  added t o  the center1 ine temperature 
of the l a s t  s l i c e  o f  the second l a y e r .  

Propor t ions 

C a l c u l a t i o n s  analogous t o  those f o r  the f i r s t  l a y e r .  I f  
second l a y e r  i s  a vacuum, these a r e  a p p l i e d  t o  the t h i r d  
l a y e r .  

Met s o l a r  ( v i s i b l e )  l eav ing  second l a y e r  (o r  t h i r d  l a y e r ) .  
QST = QS*FS3*FS2 

By d e f i n i t i o n  o f  FS3 and FS2 

If the n e x t  l a y e r  i s  opaque t o  s o l a r  ( v i s i b l e )  the c e n t e r l i n e  
temperature of the f i r s t  sl  i ce  o f  t h a t  l a y e r  i s  ad jus ted  t o  
account f o r  abso rp t i on  o f  t h i s  energy as before.  
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SECTION 4 

FLOW DIAGRAMS ANI) 

CORRELATIONS 
GEOMEfRI&-T~ERMODYNAMIC 

Flow Chart 

Given Wall Dimens ions 

Computed Wall Dimensions and Dimensions 
Used in Sample Problem 

Graphical P r e s e v t a t i o n  of A n a l y s i s  P r o c e d u r e  
Used for Solid Opaq3e Walls w i t h  CorrcctTve 
and/or Radiat i v e  TiterVal Mal ! s 

AIRESEARCH MANUFACTURING DIVISION 
Los Angela. California 
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READ CONTROL D I G I T S  PERTAINING TO ALL WALLS. I 

READ CONTROL DIGITS APPLYING TO ONE WALL. 
READ CONSTANTS (DIMENSIONS) FOR ONE WALL. 

YER, IS THIS, LAYER 

Y 

I S  NUMBER OF SLXCES OF MATERIAL 
LAYER I EQUAL TO INPUT MAXIMUM? 

IS TIME INTERVAL DTHN( I) FOR MATERIAL I 

7 

I 
SET TIME INTERVAL FOR MATERIAL I EQUAL TO INPUT MINIMUM 

GREATER THAN ESTABLISHED MAXIMUM? 

MINIMUM VALUE OF DTHN? 

OGICAL ORDER. 

HAS ALL DATA BEEN READ I N  FOR THIS WALL? 

6 
PRINT ALL XD(I,J,K) VALUES- 

I 

ARRAY XO( I,J,K) TO TWO-DIME 

I I N I T I A L I Z E  FOR ONE COMPLETE ORBIT OR CYCLE. I 
@ 

I N I T I A L I Z E  VALUES OF HEAT FLOW QUANTITY, CUE (N), FOR EACH TYPE 
OF LOAD, I N  OR OUT, AS CALLED OUT BY ITERATIVE INSTRUCTION INDEX 
NUMBERS. 

I 

IS ONE LAYER OF WALL A VACUUM? -==e-?- 
AIRESEARCH MAN~FACTURING DIVISION 

Los Angeles, California 

PROGRAM FL( 



COMPUTE SLICE WIDTHS AN0 CONSTRUCTION L INE OFfSETS- FOR VACUUM 

DWNOING VACUUM SLICE. 
SLICE, BASED ON TEMPERATURES AND EFFECTIVE EMISSIVITIES OF W A L ~ S  

1 
IS OUTSIDE, FIRST, LAYER TRANSPARENT TO 

VISIBLE AND/OR INFRARED RADIATION? 

I COMPUTE CHANGE I N  INTERFACE TEMPERATURE BETWEEN MATERIAL LAYERS 
1 AN0 2 (OR INSIDE WALL TEMPERATURE I F  ONLY ONE LAYER) DUE TO 
SOLAR AN0 INFRARED RADIATION TRANSMITTED THROUGH LAYER 1 .  

COMPUTE CHANGE I N  INTERFACE TEMPERATURES BETWEEN MATERIAL 
LAYER PAIRS DUE TO SOLAR AN0 INFRARED RADIATION TRANSMITTED 
THROUGH PREVIOUS LAYERS. 

I 

1 COMPUTE CONSTRUCTION L INE TEMPERATURES AND CENTERLINE 
TEMPERATURES FOR EACH SLICE I N  WALL. I 

WAS A SOLUTION OF THE DESIRED ACCURACY 
OBTAINED ON PREVIOUS ORBIT? 

COMPUTE FOR 10 SELECTED SLICES THE DIFFERENCE BETWEEN THE CURRENT CENTER- 
L INE TEMPERATURE AN0 THE PREVIOUS CENTERLINE TEMPERATURE FOR THE SAME 
SLICE AND THE SAnE TIME I N  ORBIT. CALL THIS DIFFERENCE TTEST. ’I - I 1 

ii INCREMENT TSUMP INCREMENT TSUHH 
BY AMOUNT TTEST BY AMOUNT TTEST 

.c 
STORE THE CURRENT CENTERLINE TEMPERATURES OF THE TEN SELECTED SLICES 
FOR COMPARISON ON NEXT ORBIT. 

I 

FLOW CHART 
”: 

IS DIAGNOSTIC OUTPUT DESIRED? 

I PRINT DIAGNOSTIC OUTPUT. 
I 

PRINT OUTSIOE SURFACE, INSIDE SURFACE AND INTERFACE 
TEMPERATURES - 
PRINT HEAT FLOW RATE TO OUTSIOE SURFACE AND TO INSIDE 
SURFACE. 
PRINT SUM OF HEAT FLOW RATES FOR THIS ORBIT TO DATE. 

IS THE CURRENT ORBIT COMPLETE? 

DESIRE0 ACCU 

HAS THE SOLUTION BEEN TR 
THE M I M U M  PERM 

AN0 NEGATIVE TEMPERATURE DEVIATIONS WITH 
PREVIOUS ORBIT WITHIN THE DESIRED LIMIT, DELT? 

AN0 NEGATIVE TEMPERATURE DEVIATIONS WITH 

IS SOLUTION DIVERGING? 
THE PREVIOUS ORBIT GREATER THAN BEFORE, I.E., 

HAS SOLUTION DIVERGED NSETS TIMES? 

@ 

i PRINT MESSAGE - FAILS TO CONVERGE- 
PRINT ALL PERTINENT RESULTS. I 

I 

I S  DIAGNOSTIC OUTPUT DESIRED? 

I CORE DUMP. STOP. 

I 

FOR ALL DESIRED WALLS? 

Figure 6 
SS- 3028 
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OUTSIDE - 
SURFACE 

F i  rst  L a y e r  

- THCK( 1) + 
1 . 7 5  i n .  

COND( 1 )  = -09  

CSUBP(1) = 040 

RHO( 1 )  = 19 .  

Second  L a y e r  

- THCK( 2) '- 

1.0 i n .  

COND( 2) = -04 

C S U B P ( ~ )  = , 1 7 5  

RHO( 2)  = 2 2 -  

T h i r d  L a y e r  

THCK(3 - 
3.6 i n  

- 

COND(3) = 2 5  

CSUBP(3) = , 0 7 8  

RHO(3) = 25.  

F i g u r e  7. G I v e n  Wall D i m e n s i o n s  a n d  Thermal  
C h a r a c t e r i s t i c s  Used i n  S a m p l e  P r o b l e m  

AIRESEARCH MANUFACTURING DIVISION 
Las Angeles. Califnrnia 

"INSIDE 
SURFACE 

SS-3028 
P a g e  4 - 3  



0 
400 

--I OUTSlOE 
JOURCE 

-X(1,3) 

350 

300 

250 
0 

W 
LT 
3 

CT w 
Q 
2 

G 

tw 200 

I50 

IOC 

5c 

c 

SLRfAG 
LOCATION 

LAYER 
-HICKNESS -- -I 

SLICE 
*HICKNESS --__ 
LOCATiON 

LOCAT ION 

CONST. 
OLFSEf 

LOCATION 

- Xtc 

- -X (2 ,  

1.5 2 
I _1__1__-- - 7---.c - - 1 

-OUTSIDE I 
SURFACE i INTERF: 

i -xwo 
I --+-- LAYER I i------. 

DX(ll  

.5 I 1.5 

I 
I 
I 

11, 

3 

t 



5 5.5 
- --- ---T- -- 

L A  

i 
-. +SLICE 2--- I--i.--. c -  SLICE 1-74 

I DXN(2) ! DX 
SCiCE 
DXN(7 

- X ( '  3) -Xf5,3) , I- 

t- 

-+ 
-XI 

- X K i  

-x ( 5,4 I 

-XI. 
I 

f 
i 
i 

i 

j 
. j  

i 
i 
j 

t X ( 7 , 2  

j 

I 

I 
t 

i 

I 
I 
i i 
j 
I 

- -. 

Q 5  

-- XKDX(2)  +.- - 

-X(6,2) 

I 

5 



6.5 - - ___ - 6 

, INSIDF- * 
SURFACE SOURCE 

Xt9,3)- -- + 

)i 

.--x ( 7.4) 

. .  

6 

. 

6.5 FEET 

00 

50 

Figure 8 COMPUTED WALL DIVISIONS 
AND DIMENSlONS USED IN 
SAMPLE PROBLEM 

I00 

50 

00 

50 

SS-3028 
Page 4-4 

0 



-TRSO=210 

TRSSO=IPO 

T b 
t 
c.5 

v 
a0 
w 
3 

1 TWLO=120 

-TRKO=25 

400 

350 

300 

3 S &  3 w  a 
= E  Y - E 200 

Q 

Q, 
w 
3 
0 + 
aD 
W 
3 

0 

3 

Y 

A 

Y 

Y 
8 150 

i 
100 

50 

0 
0 

- OUTSIU 
SOURCE 

--X(1,3) 

L 
\ 
\ 

- TWL 

- 



400 .5 I 
I I 

+--OUTSIDE 

+X(1,3) 
SOURCE 

iO=l?O 

3.120 

OUTSIDE I SURFACE I- SURFACE 

5 

-X(2,3 

-XKD 

LAYER I- 
DX(l) 

2.5 



2 - 

12- 
112- 

3 35 4 4.5 5 5.5 

INTERFACE 23 



5 6 6.5 
I 

INSIDE INSIDE -+ 
SURFACE SOURCE 
KWI X(9,3) 4 

-DXND I 
6.5 FEET 

400 

350 

300 

250 

Figure 9 GRAPHICAL PRESENTATION 
OF ANALYSIS PROCEDURE USED FOR 
SOLID OPAQUE WALLS WITH CONVECTIVE 
AND/OR RADIATIVE THERMAL LOADS 

200 

100 I 



SECTION 5 

FORMATS FOR INPUT AND OUTPUT 

INPUT DATA 

CARD NO. I 
NWALL, JDI 

NWALL 

Number o f  wa l ls ,  maximum 20. 

JD I 

0 = No d iagnos t i c  ou tpu t  
I = Diagnost ic  ou tpu t  

FORMAT 215 

CARD NO. 2 FORMAT I415 

IWALL, IDATA, I W ,  ITPMAX, ITPMIN, NSET, NSETR, NSETS, ITRN, I V A C  

IWALL 

I d e n t i f y i n g  number f o r  each w a l l .  Must s t a r t  w i t h  I and go i n  
sequence t o  NWALL. 

I DATA 

I n p u t  - In tege r  constant  

Number o f  time-dependent i npu t  va r iab les  f o r  which data se ts  a re  
prov ided.  See a l so  DATA(1). 

I W  

I n p u t  - In tege r  constant  

Number o f  ma te r ia l  l aye rs  i n  w a l l .  Maximum 5. 

ITPMAX 

I n p u t  - I n t e g e r  constant  

Maximum number o f  t ime i n t e r v a l s  per  o r b i t  t o  be used i n  s o l u t i o n .  
Maximum i s  100. 

AIRESEARCH MANUFACTURING DIVISION 
Los Angeles. California 
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ITPMIN 

I n p u t  - I n t e g e r  c o n s t a n t  

Minimum number o f  time i n t e r v a l s  p e r  o r b i t  t o  b e  u s e d  i n  s o l u t i o n .  

NSET 

I n p u t  - I n t e g e r  c o n s t a n t  

Minimum number o f  s l i c e s  p e r  m a t e r i a l  l a y e r  to  b e  u s e d  i n  
c a l c u l a t i o n s .  

NSETR 

I n p u t  - I n t e g e r  c o n s t a n t  

Maximum number of o r b i t s  o r  c y c l e s  u s e d  i n  p r o g r a m  to  c h e c k  c o n v e r g e n c e  

NSETS 

I n p u t  - I n t e g e r  c o n s t z n t  

I n t e g e r  i d e n t i f y i n g  w a l l  f o r  w h i c h  s o l u t i o n  is  d e s i r e d .  

ITRN 

I n p u t  - I n t e g e r  c o n s t a n t  

C o n s t a n t  i n d i c a t i n g  w h e t h e r  m a t e r i a l  l a y e r s  a re  t r a n s p a r e n t  t o  i n c o m i n g  
r a d i a t i o n ,  e i t h e r  i n f r a r e d  o r  v i s i b l e  o r  b o t h .  

ITRN = 0 No l a y e r  t r a n s p a r e n t  
ITRN = I F i r s t ,  o u t s i d e ,  l a y e r  t r a n s p a r e n t  
ITRN = 2 F i r s t  a n d  s e c o n d  l a y e r s  t r a n s p a r e n t  
ITRES = 3 F i r s t  a n d  t h i r d  l a y e r s  t r a n s p a r e n t ;  s e c o n d  l a y e r  vacuum. 

I WAC 

I n p u t  - I n t e g e r  c o n s t a n t  

C o n s t a n t  i n d i c a t i n g  t h a t  o n e  m a t e r i a l  l a y e r  of w a l l  i s  a vacuum s p a c e .  

' IVAC = I No vacuum s p a c e  
IVAC = 2 S e c o n d  l a y e r  i s  vacuum 
I V A C  = 3 T h i r d  l a y e r  i s  vacuum 
I V A C  = 4 F o u r t h  l a y e r  i s  vacuum --- 

T h e r e  w i l l  b e  NWALL No.. 2 c a r d s ,  e a c h  p l a c e d  a t  t h e  h e a d  of t h e  set of  
data fo r  i t s  w a l l .  
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r ---I__ 

CARD NO. 3 FORMAT 7F10.5 

HRSOBT, DELT, AVACI, AVACO 

HRSO BT 

I n p u t  - F i x e d  p o i n t  - F10.5 - Hours 

Time r e q u i r e d  f o r  one o r b i t  o r  c y c l e ,  

DELT 

I n p u t  - F i x e d  p o i n t  - F10.5 - O F  

Temperature d i f f e rence  used i n  t e s t  f o r  convergence. 

AVAC I 

AVACO 

I n p u t  - F i xed  p o i n t  - F10.5 -’ Decimal percent 

I - A b s o r p t i v i t y  o f  outs ideward w a l l  sur face f a c i n g  vacuum l a y e r .  

There w i l l  be one c a r d  No. 3 f o r  each wal l ,  f o l l o w i n g  the ca rd  No. 2 
f o r  t h a t  w a l l .  
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CARD NO. 4 FORMAT ]OX, 4F10.5 

C O N ~ (  I), ~ S U B ~ (  I), RHO( I), THCK( I) - -  

COND( I) 

Dirnens ion COND(5) 
I n p u t  - F ixed  p o i n t  - F10.5 - Btu/hr/sq f t  per  OF/ f t  

C o n d u c t i v i t y  o f  m a t e r i a l  i n  l a y e r  I. 

CSUBP( I) 

Dirnens ion  CSUBP(5) 
I n p u t  - F ixed  p o i n t  - F10.5 - Btu/lb/'F 

S p e c i f i c  heat of m a t e r i a l  i n  l a y e r  I. 

RHO( I) 

Dimension RHO(5)  
I n p u t  - F ixed  p o i n t  - F10.5 - lb / cu  f t .  

Densi ty  o f  m a t e r i a l  i n  l a y e r  I. 

THCK( I) 

D irnens ion  THCK( 5 )  
I n p u t  - F ixed  p o i n t  - F10.5 - inches 

Thickness of m a t e r i a l  i n  l aye r  I. 

There w i l l  be one card No. 4 f o r  each l a y e r  I of each w a l l .  The cards 
must be i n  the same o rde r  as the layers,  w i t h  the card f o r  the "ou ts ide "  
l a y e r  f i r s t .  I f  one l a y e r  is a vacuum, a b lank  ca rd  must be inc luded a t  
the proper l o c a t  ion.  
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~ 

CARD N O .  5 FORMAT 315 

LBD, 

LBD 

LBD 

I 

2 

3 

4 

5 

6 

7 

8 

LBN 

KL 

_- 
LBN, KL 

I n p u t  - I n t e g e r  c o n s t a n t  

I d e n t i t y  number o f  a set o f  d a t a .  V a l u e s  of  t h i s  c o n s t a n t  a n d  
c o r r e s p o n d i n g  d a t a  s y m b o l s  are:  

DATA 

TO(1)  
FCO( I )  

T I ( I )  
FCI(  I )  

C U E O (  I )  

c u n (  I )  

TWLO ( I )  

TWLI( I )  

L B D  

9 

I O  

I I  

12 

13 

14 

15 

16 

DATA 

TRSO( I) 
ARSO( I )  

TRSSO( I )  
ARSSO( I )  

TRSTO ( I ) 
ARSTO ( I ) 
TRKO( I) 
ERKO( I) 

L B D  

17 

18 

19 

2 0  

21 

2 2  

23 

2 4  

DATA LBD DATA 

TRSI( I )  2 5  A S 1 2 ( I )  

ARSI( I )  2 6  A N R P ( I )  

TRKI( I )  2 7  AR23(1)  

ERKI( I )  2 8  ER23(1) 

A N R O  ( I )  2 9  A N S P ( I )  

A R 1 2 ( I )  30 A S 2 3 ( I )  

ER I2 ( I )  

ANSO(I)  

I n p u t  - I n t e g e r  c o n s t a n t  

Number o f  p o i n t s  i n  t h e  i m m e d i a t e l y  f o l l o w i n g  set  o f  d a t a .  N u m e r i c a l l )  
LBN is o n e  more t h a n  t h e  number o f  t i m e  p e r i o d  s u b d i v i s i o n s  f o r  o n e  

. o r b i t  o f  i n p u t  d a t a  s i n c e  t h e  l a s t  p o i n t  m u s t  b e  a r e p e a t  o f  t h e  f i r s t  
p o i n t  . 

I n p u t  - I n t e g e r  c o n s t a n t  

I n t e g e r  d e t e r m i n i n g  t h e  number of p o i n t s  u s e d  i n  t h e  i n t e r p o l a t i o n .  
Recommended v a l u e ,  3. 

C a r d  No. 5 d e f i n e s  t h e  n e x t  s u c c e e d i n g  set o f  t h e r m o d y n a m i c  d a t a .  
T h e r e  w i l l  b e  IDATA No. 5 c a r d s ,  e a c h  p l a c e d  a t  t h e  h e a d  o f  a set  o f  
t h e  rmodynam i c d a t a  . 
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CARD NO. 6 FORMAT 7F10.5 

DATA(I), I I, LBN 

DATA(1) i s  the  i n p u t  thermodynamic data f o r  one cycle,  a t  each t ime 
i n t e r v a l  I. The type o f  da ta  i s  de f i ned  by  the No. 5 c a r d  preceding 
a s e t  o f  one or more No. 6 cards.  Up t o  201 data p o i n t s  may be used, 
seven t o  each card.  

INPUT DATA LISTING 

A t y p i c a l  i n p u t  data l i s t i n g  f o r  four d i f f e r e n t  cases, w i t h  i n s e r t e d  
notes, i s  as f o l  lows. 

it DATA 
4 1 
1 6 3 90 20 2 20 3 0 1 CCese I 

2.4 l o 0  0. 0. 

1075 Wall 2 0 04 e 175 220 1. Proper t i es  
1 009 40 19. 

3 025  a078 250 3.6 
1 7 3 

150. 200. '% 

2 7 3 
1. 1. 

3 7 3 
70. 50.  

4 7 3 

15 7 3 
-50 .  -40. 

16 7 3 
a 6  07 

2 4 3 
2.4 2 1.0 

1 09 
2 e 04 
3 e25 
1 49 3 

170.0 169.8 
162.2 160.0 
144.8 142.4 
131.5 130.7 
132.7 134.1 
147.4 150.0 
1648 1 165b9 

2 7 3 
1. 1. 

3 7 3 
70. 50. 

4 7 3 
1. 1. - 

. l e  l e  

Outs i de A i  r Tempera t u  r e  
2 5 0 .  300. 250. 200. 150. 
Outs ide A i r  F i l m  C o e f f i c i e n t  
1. 1. 1. 1. 1. 
I n s i d e  A i r  Temperatc*re 
30. 10. 30. 5 0 .  7 0 ,  
I n s i d e  A i r  F i l m  C o e f f i c i e n t  
1. 1. 1. 1. 1. 
Outs 1 de Rad i a n t  S ink  Temperature 
-30. -20. -3 0 b -40 . -50 .  
Outs ide Wall  E m i s s i v i t y  Times Shape Fac tor  o f  S ink 
.8 09 e 8  07 06 

0. 0. 

175 22. 1. Wal l  
e078 25 b 3.6 P r o p e r t i e s  
Outs ide A i r  Temperature 
169.3 168.5 167.3 165.9 164.1 
157.7 155.2 152.6 150.0 147.4 
140.0 T37.8 135.9  134.1 132.7 
130.2 130.0 13002 130.7 131.5 
135.9 137.8 140.0 142.4 144.8 
152.6 155.2 15707 160.0 162.2 
167.3 168.5 169.3 169.8 170.0 
Outs ide A i r  F i l m  C o e f f i c i e n t  
1. 1. 1. 1. 1. 
I n s i d e  A i r  Temperatvre 
30. 10. 30 0 50. 70. 
I n s i d e  A i r  F i l m  C o e f f i c i e n t  
1. 1 b  1. 1. 1. 

50 20 2 10 3 0 1 Case 2 

40 19. 1.75 
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3 3 3 90 20 2 20 3 0 1 Case 3 
2.4 1.0 0. 0. 

1.75 
Wall . 6 Proper t ies  

1 . 09 e40 19 e 

2 e 0 4  e 175 22 e 1. 
3 e25 e078 . 25. 
3 7 3 I n s i d e  A i r  Temperature 

4 7 3 I n s i d e  A i r  F i l m  C o e f f i c i e n t  

5 49 3 Rate o f  Heat Flow t o  Outside Surface 

70. 50. 30. 10. 30. 5 0 .  

1. 1. 1. 1. 1. 1. 

170.0 169.8 169.3 168.5 167.3 165.9 
162.2 160.0 157.7 155.2 152.6 150.0 
144.8 142.4 140.0 137.8 135.9 134.1 
131.5 130.7 130.2 130.0 130.2 130.7 
132.7 134.1 135.9 137.8 14090 142.4 
147.4 150.0 152.6 155.2 157.7 160.0 
164.1 165.9 167.3 16865 169.3 169e8 

2.4 1.0 0. 0. 
4 3 3 90 20 2 20 3 0 1 Case 4 

1 
2 
3 
3 

70. 
4 

1. 
7 

170.0 
162.2 
144.8 
131.5 
132.7 
147.4 
164.1 

e 09 
e 04 
e25 

7 3 
5 0 .  

7 3 
1. 

49 3 
169.8 
160.0 
142.4 
130.7 
134.1 
150.0 
165.9 

1*75 w a l l  
e 40 19. 
175 22 . 1. 

e 0 7 8  25. 3.6 P r o p e r t i e s  
I n s i d e  A i r  Temperature 
30. 10. 30. 50. 
I n s i d e  A i r  F i l m  C o e f f i c i e n t  
1. 1. 1. 1. 
Outside Wal 1 Surface Temperature 
169.3 168.5 167.3 165.9 
157.7 155.2 152.6 150.0 
140.0 137.8 135.9 134.1 
130.2 130.0 130.2 130.7 
135.9 137.8 140.0 142.4 
152.6 155.2 157.7 160.0 
167.3 168.5 169.3 169.8 

AIRESEARCH MANUFACTURING DIVISION 
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OUTPUT AND SAMPLE PROBLEMS 

The ou tpu t  form can be most e a s i l y  shown by p resen t ing  s o l u t i o n s  t o  two 
sample problems. 

For  t l ie  f i r s t  problem, the second l a y e r  o f  a ' t h ree- layer  w a l l  i s  a vacuum. 
The i n p u t  data must i nc lude  va lues f o r  t l ie  a b s o r p t i v i t i e s  o f  the surfaces 
f a c i n g  the vacuuni layer ;  i n  t h i s  sample, a va lue  o f  0.474 i s  used f o r  each 
sur face .  Physics1 p r o p e r t i e s  o f  the second l a y e r  may be  omi t ted .  The 
p e r t i n e n t  i n p u t  data w i l  1 be: 

* DATA 
2 0 
1 4 3 90 20 2 20 3 0 2 

2.4  2.0 0.474 0.474 . Problem I - Second Layer Vacuum 
1 0 09 
2 
3 025 
1 49 3 

170.0 169.0 
162.2 160.0 
144.0 142.4 
131.5 130.7 
132.7 134.1 
147.4 150.0 
16401 165.9 

2 7 3 
1. 1. 

3 7 3 
70. 50. 

4 7 3 
1. 1. 

e40 19. 1.75 
Wal 1 

,078  25. 306 P r o p e r t i e s  

Outs ide A i r  Temperature 
169.3 168.5 167.3 165.9 
157.7 155.2 15206 150.0 
140?0 137.8 135.9 134.1 
1 ? 0 * 2  13000 130.2 130.7 
135.9 13708 140.0 142e4 
152.6 355.2 157.7 160.0 
167.3 169.5 1.69 . 3 169.0 
Outs ide A i r  F i l m  C o e f f i c i e n t  
1. 1. 1 .  1. 
I n s  icle A i r  Temperature 
3 0 .  100 30 e 50. 
I n s i d e  A i r  F i l m  C o e f f i c i e n t  
1. 1. 1. 1. 

164.1 
147.4 
132.7 
131.5 
144.6 
162.2' 
170.0 

1. 

IO. 

1. 

The o u t p u t  l i s t i n g  w i l l  show w a l l  number and t e s t s  per  o r b i t .  Th is  w i l l  
be f o l l o w e d  b y  a l i s t  o f  the layers,  number o f  s l i c e s  p e r  l a y e r  and p e r t i n e n t  
p r o p e r t i e s  o f  each l a y e r .  I n  t h i s  example, the second l a y e r  i s  a vacuum so 
. i t  i s  shown as hav ing  o n l y  one s l i c e ,  w i t h  an i n i t i a l  th ickness  o f  10.0 f e e t .  

S T A R T I N G  NEk PRCBLEt' ,kALL NO 1 1 

1 3 C . 5 4 0 1 2  ~ 1.62037 0 .09977 0 , 3 4 2 0 0  ' 0.47504 --...-- -- -_._ .---_- __ _.____ -. . ...- .---. .-- ---.----. .. --._.____ ~ _---- -.--- - .-.-.--- --c_---- 

2 L 1 G 00000 0.00000 0.00000 0.00000 5 00000 .- ..-.-_.. &." ---._-_ "I..." -.-_ _..".._ ._ . - ._..._. - __ -.-_._ .. _--...--__-... ~ .--- *_- --L. "".......__ ......-.---- -Ad-" I-- --I 

3 2 C .60000 1, 20000 0 .08775 0 , 2 4 3 7 5  0.60000 
The 1 i s t i n g  n e x t  g i ves  the d e t a i l  dimensions f o r  each .sl ice, u s i n g  10.0 

f ee t  f o r  l a y e r  2, s l i c e  I on the f i r s t  t r i a l  and then c o r r e c t i n g  t h i s  th ick-  
.ness t o  16.70949-1 1.62037 = 5.08912 be fo re  pe r fo rm ing  the f i r s t  c a l c u l a t i o n .  
Tile r e s u l t s  o f  the f i r s t  c a l c u l a t i o n  then f o l l o w  w i t h  the i d e n t i f i c a t i o n  of  
Wal l  No. I ,  O r b i t  No. 0, Time Per iod  No; 1 .  
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MALL NO I O R B I T  N I I  0 T I M E  PERIOO NO t 
TE PPE RA WRE S -'TU 1 5  1 0 E SURF A t  E 
O U I S I O E  AN0 I N S t O E  M E A 1  FLOW R A T t S  $YO T O I A L S  B l U l H R  

i E15 I 0 E 5 U RF AC E INTER TlC E '4 -- 'ZK. U3--3 i 13- Z T .  r9--:9;55---p; OK- T. OK--- . -_-  - 
. I---- , I ~. .~l .. - . - - . - * - _ _  .. So.4 so.41 . - -  i I j . 4 1  ' I  6.00 

..... ___^._ -.-.-*_.LA ----.. L-_ o, ... oo- -..-A _. ._--. -I-- 

The immediately f o l l o w i n g  answers a r e  p r i n t e d  f o r  every  t h i r d  t ime per iod,  
t o  g i v e  ten answers per  o r b i  t u n t  i 1 the system has reached a ba lance.  The 
nex t  th ree  answers are :  -__-- ~ _ _ _ _  ............. 
U A l l  NO I O R B I T  NO 0 T I M E  P E R I O O  NO 4 

OU f $1 BK-rN3-m ffxx 3kXf 
.-----_*--*--, 7 0.00 0.00 I TECPERAlURES .-. OUTSIDE S FACE I N S I D E  SURFACE INTERFACES 71.85 26.57 

Pow 3iATEjc AND EuKi3-6jijjiiii--'--- 
74.71 21.95 210.12 72r31 O I O O  

--./.-- --LLII.--- L.. 
WALL NO 1 _o __.. "-9 .l_.--.??.!!fl. !El! !O~&!!P, -.__ 1- -_ 
O U l S I D E  AND I N S r D E  H t A T  FCOW RATES ANU TOTALS BTUlHR 

0.98 42.6 .bo 0.00 0.00 RFACE INSIOE SURFACE INTERFACES 8 3  

- s3.74 6.71 ---I 263.87 79 ~ 0 9  0.00 0.00 

M A C 1  Nb - 1 ' O R 8 t t  HO 0 TIHE PERIOD NO 10 
IECPERATURES OUfStOE $URFACE I N S I D E  SURFACE l N f E R F A C E S  89.19 30.35 S6.93 JS144 drO0 0.00 

..-!!!4"-::.;: ~AI(GL!i~-IOE-_HEAL,~ F_LOk.AhtES . P FIf-)..-?-(! 7 *.! 2- BTJ L!P ......... --....--1--- I__-.. ..... 
-4.19 302.22 74.90 0.00 0.00 

.-  1 . . . . . . . . . . . . .  . . . .  
On tlie f o u r t h  o r b i t ,  the AT be tween-o rb i t s  has become l e s s  than the spec i -  

f i e d  2'F, so the  program permi ts  the complete answer f o r  each t ime per iod .  
Note t h a t  the  Btu  t o t a l s  i n  the two r igh t -hand columns s t a r t  w i t h  t h i s  p r i n t -  
o u t  The ou tpu t  f o r  the f i r s t  f o u r  t ime per iods  i s :  

AIRESEARCH MANUFACTURING DIVISION 
Los Angels. California 
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I t  w i l l  be observed t h a t  the cliange i n  t h e o r e t i d a l  th ickness of l a y e r  2 
has now become q u i t e  moderate. I n  the f o u r  t ime pe r iods  above the thicknesses 
are:  2.72535, 2 .69583,  2.67254 and 2.65627 f e e t .  The f i n a l  temperatures and 
heat  f l o w  r a t e s  f o r  t h i s  o r b i t ,  t ime p e r i o d  No. 27, a re  _ _  . - _ _  . __. . - - _ _  __ _I_ _- . 

. *  . . . . ., 8 . I  . I  s 
_d 

I I t  w i l l  be noted '  t h a t  the t o t a l  o f  heat f l o w  i n t o  the o u t s i d e  surface, 
365.60 Btu, and o f  heat f l o w  from the i n s i d e  su r face  t o  the i n s i d e  a i r  
( r e q u i r e d  c o o l i n g  load)  365.41 are  very n e a r l y  equal, i n d i c a t i n g  t h a t  the 
s o l u t i o n  i s  near t o  the r e a l  c o n d i t i o n s .  

For the second problem, the f i r s t  two l a y e r s  o f  a th ree - laye r  w a l l  a re  
t ransparent,  i n  p a r t ,  t o  i n f r a r e d  and v i s i b l e  r a d i a t i o n .  The i n p u t  da ta  i s :  

.. . . _. - - - .. - . - __ ._ . - - 

2 

1 
2 
3 
5 

2.4 

806 
65.  
6 5 r  
65.  
65. 
152. 

178. 
1 9 7 0  
142 r 
94. 

04 

e 0 4  

0 9 5 0  
1. 
l e  
1. 
1. 
0 8 5 5  
e890 
0 8 4 5  
e830 
e845 
0915 

, 1180  

21  

2 2  

23  

1 2  3 
1.0 
e 09 

04 
e 2 5  

7 3  3 
69. 
65.  
65. 
65. 
6 5 .  
115r  
1 2 8 ,  
183. 
195 e 

137. 
85. 

7 3 
04 

" 7  3 
e04 

73  3 
e 9 8 5  
1. 
l e  
1. . 
1. 
e895 
e875 
0835 
0835 
e850 
e935 

90 20 2 ' 2 0  3 2 1 
0. 0. Problem 2 - F i r s t  and Second Layers 
e 40 1 9 .  1.75 Wall Transparent 

175 2 2  0 1. 
e078 2 5 .  3.6 P r o p e r t i e s  

Rate o f  Heat Flow t o  Outside Surfacb 
92.  129.  167. 204. 
65.  65 * 65 e 65. 
65.  6 5 4  65 B 6 5 .  
650 65 6 5  e 65 
65.  65. 65  .65. 
77. 7 3 .  84 e 9 6 .  
1 3 8 .  147. 156. 164.  
188e 1 9 2 0  194. 196.  
193. 190.  186. 181. 
131. 124.  117. 109. 
76  e 

I n f r a r e d  T r a n s m i s s i v i t y  o f  Outside Layer 
04 04 e 4  04 
I n f r a r e d  R e f l e c t i v i t y  o f  Outside Burface 
e04 e04 0 0 4  e 04  
P r o p o r t i o n  o f  I n f r a r e d  i n  I n c i d e n t  Heat Flow 
e925 e875 0850 e 830 
l e  1. 1. 1. 
1. 1. 1. 1. 
1 .  1. 1. 1. 
1. 1. 1. 1. 
a 960 b975 0 9 4 0  0915  
0 8 7 0  0855  e855 845 
.a35 e830 4830 e830 
0835  0835 0 8 3 5  0835 
e855 e855 e870  e880 

950 

65.  
65. 
6 5 8  
65.  
189. 
107.  
1715 
197.  
148.  
101. 

04 

e04 

1. 
1. 
1. 
l e  

0835  
905 

e850 
e 830 

845 
890 
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24 7 3 V i s i b l e  T r a n s m i s s i v i t y  o f  Outside Layer 

2 5  7 3 Visib. le R e f l e c t i v i t y  o f  Outside Surface 
09 0 9  0 9  0: 9 09 0 9  a 9  

e 0 5  e 0 5  e05 0 0 5  0 0 5  
7 3 I n f r a r e d  Transmi s s  i v  i t y  ;f5Second Layer 

7 3 I n f r a r e d  R e f l e c t i v i t y  o f  Layer 1-2 I n t e r f a c e  

7 3 V i s i b l e  T r a n s m i s s i v i t y  o f  Second Layer 

7 3 V i s i b l e  T r a n s m i s s i v i t y  o f  Layer 1-2 I n t e f f a c e  

7 3 I n s i d e  A i r  Temperature 

7 3 

a 5  0 3 .  b 5  0 5  0 5  b 5  

0 0 5  0 0 5  * e o 5  e 0 5  e 0 5  e05 

08  0 8  08 8. 00  .a 

0 04 0 04 e 0 4  *04 0 04 0 04 

5 0 0  300  10. 3 0 0  5 0 0  700  
I n s i d e  A i r  F i l m  C o e f f i c i e n t  

1 b  1 0 -  -- . :-.Lo l e .  1. 1.-.-- _ _ . - 

AIRESEARCH MANUFACTURJNG DJVJSION 
10s Angeles. California 
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Y A L C  N O  2 f l R 8 I T  NU 10 T I M E  P E R I O D  Nfl 1 

CALL NO 2 OROIT NO 10 TIME PERIOO NO 5 
TEMPERATURES.  OUTSICE S U R F A C E  I N S I O E  S U R F A C E  I N T E R F A C E S  956.90 249.47 733r90  42f.09 6.00  6 - 0 0  - - ~ ~ ~ ~ ~ 0 ~  .ANO-'INSI~E 'FtbT FLbcl R d t E S  AND TotALS.'BT-u~HH -.- _. - ____-l_l-..I__-.--._-.I-- I -...--.. _ _ - -  -- 

07.12 -152-69 14627.39 -1 3 159.34 667.32 -739.05 

WALL N O  2 O R B 1 1  NO 10 T ~ ~ ~ - P E R I O O - N ~  -11 

OUlSIOE AND lNStOE C(EA1 FLOW R A t E S  A N 0  T O T A L S  B T U l H R  
~ ~ ~ P P E K A ~ U R T + - U ~ T V S ~ ~ - S ~ S R ~ ~ C ~ S T D E  SUR-FAZE f H t E R F A G E S  905.40 229.33 707.03 409.79 0100 0.00 

87. I t  - ' 6 ! e A L  ---__ i 5  150.11 LI___I_L -14105.83 .__- i l 90 .05  -1685.54 , .--- -__ 

MANUFACTURING DIVISION 
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M A L L  NO 2 O A R I T  NO 10 T I M E  P E R I O D  NO 15 
-- lF l !PCRATURES - UCTSI CF-SURFKE ---TNS (DE- S U R F  ACE 1 N l  ER FAC'ES--~rl;nTZnSBBa'J5-;J5-3~Z.-~L 0.TU U: 60 

' O U I S I O E  A N 0  I N S I O C  H E A T  FLOW R A l E S  AND T O T A L S  B T U / H R  
-150.79 15629.3 7 -14751.73 1669.31 -2331.43 . _ _  _ _ _  - .  . . . _ _  . __ _ _  ._ - ._ - ----- _-I----- __-_ 9 7 - 0 1  

WALL NO 2 O R B I T  h 0  10 T I M E  P E R I O D  N O  16 
l€?'PERAfURES O U T S I C E  SURFACE INSIOE S U R F A C t  I N T E R F A C E S  910.26 212.67 693.24 393.60 0.00 0.00 
OursioE ~NO-INSIOE H ~ A T  FLOH R A J E S  !NO T O T A L S -  AIU/HR-,- -14910, I J .  - __ _--______ --_ . . . 

-2409.86 f2f.04 -156.43 - 15751.4 I ' 1791.35 

'2 .- ~ O R o i f  NO - . - f l M E  ~ E R i b "  N o -  _I - --- . -- - -  
WALL NO 10 
f E M P C R A l U R E S  O ~ l S l O E  SURFACE I N S I D E  S U R F A C E  I N T E R F A C E 5  950.18 217.60 700.70 395.92 0.00 0.00 
OUlSlOE AN>- I N S I D E  P E A T  F L O H - - R A T t S  ANU TOTALS-I-TU/HR -153.4-6~8h~ ~?T4~.-3-9----- -- --.- - - 

- 215;43 - r43;63 16 3 08 ti6 -2926  57  

AIRESEARCH MANUFACTURING DIVISION 
Los Angeles. California 
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UALL rC0 2 O R B I T  NO 10 T I P E  PERIOD NO 2b 

LIALl NO . 2 ORB11 NO 10 T I M E  PERIOO NO 2 9  
E ___ ! NS-1 DF ~ SURF AG E 1 N T J  RF-AC E S  ---9R4 4 7 2 48ll_00-731,89-tC_18, 7 3 0 00 0 0%- 

R A T E S  AN0 TOTALS BlU/HA 
LOO. 4 7  - 1 3 4 . 4 3  i a 2 7 8 . 6 7  -16726 .85  4318 .61  - 4 3 0 6  5 1  

AlRESEARCH MANUFACTURING DIVISION 
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SECTION 6 

FORTRAN LISTINGS 

Th is  s e c t i o n  presents  the  1 i s t i n g s  o f  t h e  source program elements. 

Element Func t i on  

I .  Main Program MP Used o n l y  t o  c a l l  t he  c o n t r o l l i n g  sub rou t ine  
TAPL:, which pe rm i t s  use o f  the e n t i r e  program 
as a subrout ine.  

2. Subrout ine TAPL 

3 .  Subrout ine DISTX 

4 .  Subrout ine DATAA 

5. Subrout ine TEMPER 

When program i s  t o  be used as a subroutine, 
s t a r t  a t  t h i s  p o i n t .  Subrout ine prov ides 
i n p u t  and c o n t r o l  f o r  a l l  f a c t o r s  except 
thermodynamic data.  

Computes a p p r o p r i a t e  x - a x i s  dimensions f o r  
each sl i c e  and l a y e r .  

Reads i n  a1 1 thermodynamic data, conver ts  and 
c a l l  s f o r  i n t e r p o l  a t  i o n  where needed, and 
s to res  i n  core.  

Examines data f o r  completeness and consis tency.  
Sets up c o n t r o l  d i g i t s  f o r  subsequent i t e r a -  
t i v e  processes. 
a Btu bas i s  and checks s o l u t i o n s  f o r  
convergence 

Handles bas i c  computat ion on 

6. Subrout ine TEMSET Sets up i n i t i a l  w a l l  temperatures. 

7. Subrout ine INTLA Performs Lagrangian i n t e r p o l a t i o n  f o r  i n p u t  
data 

8 .  Sub rou t i ne TEMCAL Performs stepwise c a l c u l a t i o n  o f  temperature, 
s i m u l a t i n g  the  g raph ica l  process. 

9. Subrout ine DOPT C o n t r o l s  w r i t i n g  o f  a l l  ou tpu t  and e r r o r  
messages 

10. Subrout ine TEMTRN Handles spec ia l  c a l c u l a t i o n s  requ i red  i f  any 
m a t e r i a l  l a y e r  is t r ansparen t  t o  i n c i d e n t  
r a d i a t i o n .  

I I .  Subrout ine D I S V A C  Performs c a l c u l a t i o n s  needed i f  any m a t e r i a l  
l a y e r  i s  a vacuum. 
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A N A L Y S I S  OF P E R I O D I C  THERMAL LOADS 
IMPOSED ON ENVIRONMENTAL CONTROL SYSTEMS 

FORTRAN I 1  D I G I T A L  COMPUTER PROGRAM PREPARED FOR 
N A T I O N A L  AERONAUTICS AND SPACE A D M I N I S T R A T I O N  
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THE GARRETT CORPORATION 
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c 
C 
C A N A L Y S I S  O F  P E R I O D I C  THERMAL L O A D S  
C I M P O S E D  ON E N V I R O N M E N T A L  CONTROL S Y S T E M S  
C 

C N A T T O N A L  A E R O N A U T I C S  AND SPACE A D M I N I S T R A T I O N  
C BY A I R E S E A R C H  M A N U F A C T U R I N G  D I V I S I O N  
C THE G A R R E T T  C O R P O R A T I O N  
C N A S A  CONTRACT N A S  9-2044 
C 

S U B R O U T I N E  T A P L  

C FORTRAN 1 1  DIGITAL'COMPUTER PROGRAM PREPARED FOR 

COMMON ANRO* ANRP ANSO r ANSP e A R 1 2  9 A R 2 3  ARS I t ARSO ,ARSSO t A R S T 0 , A S l Z  ,AS 
~~~~AVACI*AVACO~CONDICSUBP,CUEICUEIICUE~~UEO~CUESI~CUESO~ 
~ D A T A , D O I D E L T I D T H N , D X , D X N I D X N A ~ D X N A * D X N B ~ D X N C ~ D X N D ~ E R ~ ~ ~ E R ~ ~  
' COMMON E R K I t E R K O ~ F C I r F C O ~ H R S O B T ~ I ~ A T A , I L , I N D t I N D X ~ I T P M A X ~ I T P M I N ~ I T  
l R N ~ I V A C ~ I W ~ I W A L L t I W C I I W D I J D I , J T P R ~ K L ~ L B D ~ L E K ~ L B N ~ L T l ~ L T 2 ~ M A ~ M R ~ N D A  
~ T , N S E T ~ N S E T R I N S E T S ~ N W A L L ~ P R O P ~ R ~ I T I R H O  

COMMON S U M A * T A B ~ T H C K I T I * T M ~ T O I T R K ~ ~ T R K I * T R K O ~ T R S I ~ T R S O ~ T R S S O ~ T R S T O ~ T S U M  
~ ~ T T E M ~ T W C I I T W L O ~ X ~ X D ~ X D D ~ ~ ~ X D D ~ ~ ~ X D D ~ ~ ~ X D D ~ ~ ~ X K D X ~ X W I ~ X W O ~ Y  

COMMON QOIQI r Q R T 9 O S T  
D I M E N S I O N  A N R 0 ~ 1 0 1 ) r A N R P ~ 1 0 1 ) ~ A N ~ O ~ l O l ~ ~ A N S P ~ l O l ~ ~ A R l 2 ~ l O l ~ ~ A R 2 3 ~ l  
1 0 l ~ r A R S I ( 1 ~ l ) r A R S O ( l O l ~ ~ A R S S O ~ l O l ~ ~ A R S T O ~ l O l ~  r A S l 2 ~ 1 0 1 1 r A 5 2 3 ~ 1 0 1 ~ ~  
2 C O N D ~ 5 ~ t C S U R P ~ 5 l r C U E ~ l O l ~ C U E I ~ l O l ~ * C U E O ~ l O l l ~ D A T A ~ 2 O l ~ * ~ D ~ l O 2 ~ Z ~  

D I M E N S I O N  D T H N ~ 5 ~ ~ D X ~ 5 ~ r D X N ~ 5 ~ ~ E R l 2 ~ l O l ~ t E R 2 3 ~ l O l ~ ~ E R K I ~ l O l ~ ~ ~ R K O ~  
~ ~ ~ ~ J ~ F C I ~ ~ ~ ~ ~ ~ F C O ~ ~ O ~ ~ ~ I L ~ ~ ~ , I N ~ ~ ~ O ~ ~ L B K ~ ~ O ~ I P R O P ~ ~ ~ ~ R H O ~ ~ ~ ~ T A ~ ~ ~ O  
2 2 ~ ~ T H C K ( 5 l r T I ~ l O 1 ~ ~ T M ~ l O 2 ~ ~ ~ ~ ~ T O ~ l O l ~ ~ T R K ~ ~ l O l ~ ~ ~ R K O f l O ~ ~ ~ T R ~ I ~ l O l ~  

D I M E N S I O N  T R S 0 ~ 1 0 1 ~ r T R S S 0 ~ 1 0 1 ~ ~ T R ~ T O ~ l O l ~ ~ T S U M O ~ T T E M ~ ~ O O ~ ~ T W L I ~  
1 1 0 1 ~ t T W L 0 ~ 1 0 1 ~ ~ X ~ 1 0 2 ~ ~ ~ ~ ~ K ~ t 5 ~ 2 0 ~ 5 ~ , X K D X ~ 5 ~  

C 
C S E T  R E A D / W R I T E  T A P E  U N I T  TO FORTRAN NUMBERS FOR I N S T A L L A T I O N  
C L T 1  = I N P U T  D A T A  
C L T 2  = OUTPUT D A T A  
C 

1 L T 1 = 4 1  
2 L T 2 = 4 2  

C 
9998 R E A D  I N P U T  T A P E  L T l r ' 3 9 r N W A L L r J D f  

9999 READ I N P U T  T A P E  L T 1 ~ 1 0 0 ~ 1 W A L L ~ I D A T A ~ I W t I T P M A X I I T P M A ~ ~ I T P M I N ~ N S E T ~ N S E T R ~ N S  
99 FORMAT ( 2 I5 1 

l E T S * I T R N * I V A C  
100 

103 

102 

204 

F O R M A T f 1 4 1 5 )  
Q I = O e  
QO=O e 

R E A D  I N P U T  T A P E  L T ~ ~ ~ ~ ~ ~ H R S O B T * D E L T I A V A C I , A V A C O  
F O R M A T ( 7 F 1 0 . 5  1 
C A L L  D O P T ( 9 )  
R E A D  I N P U T  T A P E  L T l ~ l 0 2 r ( C O N D ~ L ) ~ C S U B P I L I , R H O ( L ~ ~ T H C K ( L ) ~ L ~ l ~ I W ~  
FORMAT(  1 0 X 9 4 F 1 0 . 5  1 
T P R M I N = I T P M I N  
T P R M A X = I T P M A X  
D T H M A X = H R S O B T / T P R M I N  
D T H M I N = H R S O B T / T P R M A X  
DTHM=DTHMAX 
DO 300 I = l r I W  
I F ( I V A C - l ) 2 0 5 r 2 0 5 * 2 0 4  
I F (  I V A C - I  ) 2 0 5 r 3 0 0 * 2 0 5  
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205 A127zNSET-1 
PROP(I)=o5*CSUBP(I)*RHO(I~*COND~I~ 
@X(I)=THCK(I)/(12o*CONDII)) 

212 A 1 2 7  = A127 + 1 0  
DXN(1) = DX(I1 / A127 
DTHN(1) = PROP(1) * DXNtI) * OXN(1) 
IF(Al27-200)220r~23r223 

220 IF1 OTHN I I 1-DTHMIN 1221 9222 9222 
221 DTHN(I)=DTHMIN 
222 IFIDTHN(I)-DTHMAX)223r223r2112 
223 DTHM=MINlF(DTHM,DTHN(I)I 

300 CONTINUE 
1 1 1 1  1 = A127 

DO 400 1=1’11W 
IF(IVAC-l)305*305r304 

304 IF(IVAC-I)305r390r305 
305 XKDX(I)=DTIiM/(PROP(I)*DXN(I)) 

GO TO 400 
390 XKDX(IVAC)=5o 

IL(IVACI=l 
DXN(IVAC)=lO. 

JTPR= (HRSOBT /DTHM 1 + e  5 
JTPRzXMINOF (JTPR t 100 I 

DXNB=DXNA+lo 
DXNC=o5aDXN( IWI 
OXND=DXNC+lo 

400 CONTINUE 

970 DXNA=o5*DXNIl) 

CALL DOPT(2) 
C A L L  DOPT(6) 

8000 CALL DISTX 
9000 CALL DATAA 

CALL. TEMPER 
IFINWALC-IWALL)9998~7998r9999 
RETURN 
END 
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SUBROUTINE D I S T X  

COMMON A N R O ~ A N R P ~ A N S O ~ A N S P ~ A R l 2 ~ A R 2 3 ~ A R S I ~ A R S O ~ A R S S O ~ A R S T O ~ A S l 2 ~ A S  
C 

1 2 3 r A V A C I ~ A V A C O ~ C O N D ~ C S U ~ P ~ ~ U E I C U E l r C U E O ~ C U E S I ~ C U E S O ~  
~ D A T A ~ D D ~ D E L T I D T H N ~ D X , D X N , D X N A ~ ~ X N A ~ D X N ~ ~ D X N C ~ D X N D ~ E R ~ Z ~ E R Z ~  

COMMON E R K I ~ E R K O ~ F C I ~ F C O ~ H R S O B T I l D A T A ~ I L ~ I N D I I N D X ~ I T P M A X ~ I T P M I ~ ~ ~ T  
~ R N ~ I V A C ~ I W ~ I W A L L I I W C ~ I W D I J D I , J T P R I K L , L B D ~ L B K ~ L B N ~ L T ~ ~ L T ~ ~ M A ~ M R ~ N ~ A  
2 T  *PISET 

COPIMCN S U H A I T A B ~ T H C K ~ T ~ ~ T M ~ T O I ~ R K ~ ~ T R K O I T R S I I T R K O ~ T R S I ~ T R S O ~ T R S S O * T R S ~ O ~ T S U M  
1 t T T EM T WL I 9 T i.I L 0 9 X * X D X D 0 1 2 t X D D 2 3 

CONMCN QO,QIIQRTPQST 
D I M E N S I O N  A N R 0 ~ 1 0 1 ~ r A N R P ~ 1 0 1 ) ~ A N S C ~ 1 0 1 ~ ~ A N S P ( 1 0 1 ) , A R 1 2 ~ 1 0 1 ~ ~ ~ ~ R ~ 3 ~ 1  
1 0 1 ~ ~ A R S I l 1 0 1 ~ ~ A R S O l l O l ~ ~ ~ A R S S O ~ l O l ~ ~ A R S T O ~ l O l ~ ~ A S l 2 l l O l ~ ~ A S 2 3 ~ l O l ~ ~  
2 C O N D ~ 5 ~ r C S U O P ~ 5 ~ ~ C U E ~ 1 0 1 r C U E I ~ l O l ~ ~ C U E O ~ l O l ~ + D A T A ~ 2 O l ~ ~ ~ D ~ l O 2 ~ 2 ~  

D I M E N S I O N  D T H N ~ 5 ~ r D X ~ S ~ ~ D X N ~ 5 ~ , E R 1 2 ~ l O l ~ ~ E R 2 3 l l O l ~ ~ E R K I l l O l ~ ~ ~ ~ K ~ ~  
1 1 0 1 ~ r F C I ~ 1 0 1 ~ ~ F C 0 ~ 1 O l ~ ~ I L l 5 ~ ~ I N D ~ 2 0 ) r L B K ~ 3 O ~ ~ P R O P ~ 5 ~ ~ R H O ~ 5 ~ ~ T ~ ~ ~ 4 O  
2 2 ~ r T H C K 1 5 ) ~ T I l 1 0 1 ~ ~ T ~ l l O 2 ~ 4 ) t T O ~ l O l ) r T R ~ I ~ l O l ~ ~ T R K O ~ l O l ~ ~ T R S ~ ~ l O l ~  

O I M E N S I O N  T R 5 0 l 1 0 1 ) r T R S S 0 l 1 0 1 ) ~ T R S l O l l O l ~ ~ T S U M l 2 O ~ ~ T T E M ~ l O O ~ ~ T W L ~ ~  
1 1 ~ 1 ~ ~ T W ~ 0 ~ 1 0 1 ~ r X ~ 1 0 2 , 4 1 r X D ~ 5 ~ ~ ~ ~ 5 l ~ ~ K D X ~ 5 ~  

NSETR 9 NSETSINWALL *PROP t RB I T *RH0 

X D D 3 4 X D D 4 5 9 X K DX * X W I P X W 0 9 Y 

C 
X D ( l t l * l ) = l O *  
DO 190 I = l * I W  
I W A = I L (  I) 
00 100 J Z l r I W A  
X D ( I , J I ~ ) = X D I I I J I ~ ~ + D X N ( I )  
X D ( I ~ J ~ ~ ) = O ~ ~ * ( X D ( I I J ~ ~ ~ + X D ( I , J I S ) )  
X D I ! ~ J I ~ ) = X D ( I I J I ~ ) - X K D X ( I )  
X D ( I I J * ~ ) = X D I I I J , ~ ) + X K D X I I  1 
I F l J - I W A ) 1 O ~ ? 0 ~ 1 0  

10 X D ( I * J + l r l ) = X D ( I , J * 5 )  
GO T O  100 

20 X D ( I + l r l * l ) = X D i  I 9 J 1 5 )  
I F ( 1 - 1 W ) 2 5 ~ 1 0 0 ~ 1 0 0  

25 XD93=.5*1DXNLI)+DXN(I+l)) 
26 GO T 0 ( 3 0 * 4 0 * 5 0 , 6 0 ) r I  

. 30 X W 1 2 = X D ( I * J * 5 )  
. 3 1  X D D ~ ~ = ( X W ~ ~ - X D I I I J ~ ~ ) ) / X ~ ~ ~  

GO TO 100 
40 X W 2 3 = X D ( I * J t 5 )  
41  XDD23=lXW23-XDlI~J~3~)/XD99 

50 X W 3 4 = X D ( I , J * S )  
5 1  X D D 3 4 = ( X W 3 4 - X D l I * J * 3 ) ) / X D 9 9  

60 X W 4 5 = X D ( I * J * 5 )  
61  X D D ~ ~ = I X W ~ ~ - X D ( I * J V ~ ) ) / X D ~ ~  

GO TO 100 

GO TO 100 

100 CONTINUE 
C A L L  DOPT(5 )  
1 WB= 1 
DO 300 I = l r I W  
I W A = I L (  I )  
DO 300 J = l * I W A  ' 

IWB= I W B + 1  
DO 300 KK=lr4 
X ( I W S * K K ) = X D ( I + J , K K )  . 

I WC= I W B + l  
300 CONTINUE 
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S U B R O U T I N E  D A T A A  

COMMON A N R O I A N R P I A N S O I A N S P I A R ~ ~ ~ A ~ ~ ~ ~ A R S I ~ A R S O ~ A R S S O ~ A R S T O ~ A S ~ Z ~ A S  
C 

~ ~ ~ ~ A V A C I ~ A V A C O ~ C O N D ~ C S U B P I C U E , C U E ~ ~ C U E I C U E O ~ C U E S I ~ C U E S O ~  
~ D A T A ~ D D I D E L T I D T H N I D X I D X N , D X N A I D X N A ~ D X N B * D X N C * D X N D * € R ~ ~ , E R ~ ~  

COMMON E R K I ~ E R K O I F C T I F C O I H R S O B T , I D A T A I I L I I N D , I N D ~ I N D X ~ I T P M A X ~ I T P M I N ~ I T  
l R N * I V A C * I ~ ~ I W A L L ~ I W C , I W D , J D I , J T P R , K L I L B D t L B K ~ L B N ~ L T l ~ L T Z ~ M A ~ M R ~ N D A  
Z T ~ N S E T ~ N S E T R ~ N S E T S ~ N W A L L I P R O P I R e I f r R H O  

COMMON S U M A ~ T A B * T H C K ~ T I ~ T M ~ T O ~ T R K I ~ T R K O ~ T R S I ~ T R S O ~ T R S S O ~ T R S T O ~ T S U M  
l * T T E M * T W L I * T W L O ~ X ~ X D , X D D l 2 ~ X D D 2 3 ~ X D D 3 4 r X D D 4 5 ~ X K D X ~ X W I ~ X W O ~ Y  

COMMON Q O 9 Q I t O R T r Q S T  
D I M E N S I O N  A N R 0 ~ 1 0 1 ~ ~ A N R P ~ 1 0 1 ~ ~ A N S 0 o , A N S P ~ 1 0 1 ~ ~ A R 1 2 ~ 1 0 1 ~ ~ A R 2 3 ~ 1  

1 ~ 1 ~ ~ A R S I ~ 1 ~ 1 ~ t A R S 0 ~ l O l ~ ~ A R S 5 O f l O l ~ ~ A R 5 T O ~ l O l ~ ~ A S l Z ~ l O l ~ ~ A S 2 3 ~ l O l ~ ~  
2 C O N D ~ ~ ~ * C S U B P ~ 5 ~ ~ C U E l l O ~ , C U E 1 ( 1 0 1 1 r C U E O f l O l ~ ~ D A T A f 2 O l ) ~ D D ~ l O 2 ~ 2 ~  

D I M E N S I O N  D T H N ~ 5 ~ r D X ~ 5 ~ ~ D X N ~ 5 ) , E R 1 2 ~ l O l ~ ~ E R 2 3 ~ l O l ~ ~ E R K I ~ l O l ~ ~ E R K O ~  
1 1 0 1 ~ r F C I f 1 0 l ~ r ~ C 0 ~ 1 O l ~ ~ ~ L ~ 5 ~ ~ I N O ~ Z O ~ ~ L B K ~ 3 O ~ ~ P R O P ~ 5 ~ ~ R H O f 5 ~ ~ T A ~ ~ 4 O  
2 2 ~ ~ T H C K f 5 ~ * T I ~ 1 0 1 1 ~ T M ~ l O 2 ~ ~ ~ ) ~ T O ~ l O l ~ ~ T R K I ~ l O l ~ ~ T R K O ~ l O l ~ ~ T R S I ~ l O l )  

D I M E N S I O N  T R S 0 ~ 1 0 1 ~ r T R S S 0 ~ 1 0 1 ~ r T R S T 0 ( 1 0 1 1 r T S U M ~ 2 O ~ ~ T T E M ~ l O O ~ ~ T W L I ~  
1 1 0 1 ~ ~ T W L 0 ~ 1 0 1 ~ r X ~ 1 0 2 r 4 ) r X D 1 5 t 2 0 r 5 ) , X K D X ~ 5 ~  

C 
W Y E F ( Y I = ( Y * * 0 1 + 4 . 6 ) * * 4  
DO 300 K = l * I D A T A  
R E A D  I N P U T  T A P E  L T l r l O l L R D * L B N * K L  

10 F O R M A T f 3 1 5 )  
11 L B K I K ) = L R D  

READ I N P U T  T A P E  L T 1 , 2 0 , f D A T A I I ) , I = l r L B N I  

L B M Z L B N - 1  
20 F O R M A T f 7 F l O . 5 )  

AZ=LBM 
TPD=HRSOBT/AZ 
TPDS=O. 
T A B (  1 )=0* 
T A B 1 2 ) = D A T A f l )  
DO 100 , I = 2 r L B N  
TPDS= TPDS-tTPD 
T A B ( Z * I - l ) = T P D S  
T A B ( Z * I ) = D A T A ( I )  

A 1 = J T P R  
T P= HRSOBT / A  1 

100 C O N T I N U E  

SUMAzO. 
DO 2 0 0  I - l s J T P R  
SUMA=SUMA+TP 
C A L L  I N T L A  
GO TO ~ 1 0 1 ~ 1 0 2 ~ 1 0 3 ~ 1 0 4 r 1 0 5 r 1 0 6 r 1 0 7 r 1 0 8 r 1 0 9 , 1 1 0 ~ 1 1 1 ~ 1 1 2 ~ 1 1 3 ~ 1 1 4 ~ 1 1 5  
1~116r117~118r119r12Or121,122t123rT24~l25~l26~l27~l28~l29~l3O~~L6D 

101 T O f I ) = Y  
GO TO 200 

GO TO 200 

GO TO 200 

GO TO 200 
105 C U E O ( I ) = Y  

GO TO 200 
106 C U E 1  ( 1  ) = Y  

102 F C O ( I ) = D X N A + l . / Y  

103 T I ( I ) = Y  

104 F C I ( I ) = D X N C + l e / Y  
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GO TO 200 
107 TWLO(I)=Y 

GO TO 200 
108 TWLTII)=Y 

GO TO 200 
109 TRSO(I)=WYEF(Y) 

GO TO 200 

GO TO 200 

GO TO 200 

GO TO 200 

GO TO 200 

GO TO 200 

GO TO 200 

GO TO 200 

GO TO 200 

GO TO 200 

GO TO 200 

GO TO 200 
121 ANRO(II=Y 

GO TO 200 
122 AR12 t I I =Y 

GO TO 200 
123 ERlZ(I)=Y 

GO TO 200 
124 ANSO(I)=Y 

GO TO 200 
. 125 ASlZ(I)=Y 

GO TO 200 
126 ANRP I I )  =Y 

GO TO 200  
127 AR23(I)=Y 

GO TO 200 
128 ER23(I)=Y 

GO TO 200 
129 ANSP(I)=Y 

GO TO 200 
130 AS23(II=Y 
200 CONTINUE 
300 CONTINUE 

110 ARSO(I)=*173*Y 

111 TRSSO( I )=WYEF(Y 1 

112 ARSSO(I)=.173*Y 

113 TRSTO(I)=WYEF(Y) 

114 ARSTO(I)=*173*Y 

115 TRKO(I)=WYEFfY) 

116 ERKO(l)=.173*Y 

117 TRSI(I)=WYEFlY) 

118 ARSI(I)=.173*Y 

119 TRKI(I)=WYEF(Y) 

120 ERKI(I)=*173*Y 

RETURN 
END 
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SUBROUTINE TEMPER 

COMMON A N R O * A N R P ~ A N S O ~ A N S P ~ A R l Z ~ A R 2 3 ~ A R S ~ ~ A R S O ~ A R S S O ~ A R S T O t A S ~ Z ~ A S  
C 

~ ~ ~ ~ A V A C I ~ A V A C O ~ C O N D , C S U B P , C U E I C U E I , C U E O ~ C U E S I ~ C U ~ S O ~  
Z D A T A I D D ~ D E L T ~ D T H N I , D X I D X N , D X N A ~ D X N A ~ D X N B ~ D X N C ~ D X N D ~ E R ~ Z ~ E R Z ~  

COMMON E R K S * € R K O * F C I  I , F C O ~ H R S O ~ T ~ ~ D A T A ~ I L ~ ~ N U , I N D X I I T P M A X , ~ ~ P M I ~ ~ I T  
~ R N * I V A C , I W I , I W A L L , I W C ~ I W D ~ J D I I , ~ T P ~ ~ K L I L O D ~ L B K ~ L B N * L T ~ ~ L T ~ * M A * M R * ~ D A  
~ T * N S ~ T * N S E T R ~ N S E T S I , N W A L L , P R O P I R D I T ~ R H O  

. COMMON S U ~ A ~ T A B ~ T H C ~ ~ T I ~ T M ~ T O , T R K r r T R K I ~ J R K O ~ T R S I ~ T R S O ~ T R S S O ~ T R S T O ~ T S U M  
1 ~ l T ~ M ~ T W L I ~ T W L O ~ X ~ X D ~ X D D l Z ~ X D D 3 4 , X D D 4 5 ~ X K D X ~ X W I ~ X W O ~ Y  

COMMON QOgQI * Q R T * Q S T  
D I M E N S I O N  A N R ~ ~ ~ ~ ~ ) ~ A N R P ~ ~ ~ ~ ~ ~ A N S O ~ ~ O ~ ) I , A N S P ~ ~ O ~ ~ ~ A R ~ ~ ~ ~ O ~ ~ ~ A R ~ ~ ~ ~  
1 0 1 ~ r A R S I l l C l ~ r A R S O ( l O l ~ ~ ~ R S S O f l O l l ~ A R S T O ~ l ~ l ~ ~ A S l Z ~ l O l ~ ~ A S 2 3 ~ l O ~ ~ ~  
~ C O N D ~ ~ ~ ~ C S U R P ~ ~ ~ ~ C U E ~ ~ O ~ I , C U E ~ ~ ~ O ~ ~ ~ C U E O ~ ~ O ~ ~ ~ D A T A ~ ~ O ~ ~ ~ D D ~ ~ O ~ I , ~ ~  

DIMENSION D T H N ~ 5 ~ ~ D X ~ 5 ~ r D X N ~ 5 ~ , E R 1 2 o , C R 2 3 ~ l O l ~ ~ E R K I ~ l O l ~ ~ E R K O ~  
~ ~ ~ ~ ~ ~ F C ~ ~ ~ ~ ~ ~ ~ F C O ~ ~ O ~ ~ ~ I L ( ~ ~ ~ I N D ~ ~ O ~ ~ L ~ K ~ ~ O ~ ~ P R O P ~ ~ ~ I , R H O ~ ~ ~ ~ T A ~ ~ ~ O  
2 2 ~ ~ T H C K 1 5 ~ r T 1 l 1 0 1 ~ t T M f l O Z ~ 4 ~ ~ T O ( l O l ~ r T R K I t l O l ~ ~ T R K O ~ l O l ~ ~ T R S I ~ l O l ~  

D I M E N S I O N  T R S ~ ~ ~ ~ ~ ) ~ T R ~ S ~ ( ~ ~ ~ ~ ~ T R S T O ~ ~ O ~ ~ ~ T S U M ~ ~ ~ ~ I , T T E M ~ ~ O O ~ ~ T ~ L I ~  
1 1 0 1 ~ r J W L 0 ~ 1 3 1 ~ ~ X ~ 1 0 2 , 4 ) , X 0 1 5 r 2 0 r 5 ~ r X K D X ~ 5 ~  

C 
T E E F ( T ) = ( T * o 0 1 + 4 o 6 ) * * 4  
JJJ=O 
N l = l  
N 2 = 1  
N 3 =  1 
N 4 =  1 
N 5 =  1 
N 6 =  1 
N7.11 
N 8 = l  
N 9 =  1 
DO 20 K Z l * ! D A T A  
L8DA=LBK(  K 1 
GO T0(lr1,2~2r3r'tt51,6~7r7r7,7r7,7,7r7,8,0,e~8~9~9~9~9~9~9~9~9~9~9) 

1 LBDA 
1 N l = N 1 + 1  

GO TO 20 
2 N2=N2+1 

GO TO 20 
3 N 3 = N 3 + 1  

GO TO 20 
4 N 4 = N 4 + 1  

GO TO 20 
5 N 5 = N 5 + 1  

GO TO 20 
6 N 6 = N 6 + 1  

GO TO 20 
7 N 7 = N 7 + 1  

GO TO 2 0  
8 N 8 = N 8 + l  

GO TO 20  
9 N 9 = N 9 + 1  

20 CONTINUE 
22 I F ( N l + N 3 + N 5 + N I - 4 ) 2 3 * 2 3 r 2 4  
23 N D A T = l  

CALL D O P T I 1 )  
24 I F I N Z + N 4 + N 6 + N 8 - 4 ) 2 3 r 2 3 , 2 5  
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25 INDX=O 
GO T0140r35t37IrNl 

35 NDAT=Z 
CALL DOPT(1J 

37 INDX=INDX+l 
IND(INDX)=l 

40 GO TO(50935941) 9N2 
41 INDX=INDX+l 

IND(INDX)=2 
50 IF(N3+N4-3)60951*36 
36 NDAT=3 . 

51 IF(N3-1)35*55,52 
52 INDX=INDX+l 

IND(INDX)=3 
GO TO 60 

56 INDX=INDX+l 
IND(INDX)=4 

CALL DOPTtl) 

55 IF(N4-1)35960*56 

60 IF(N5+N6-3)70*61*36 
61 IF(N5-1)35965962 
62 INDX=INDX+l 

IND(INDX)=5 
GO TO 70 

65 IFIN6-1)35r70966 
66 INDX=INDX+l 

IN0 ( INDX ) =6 

72 INDX=INDX+l 
IND(INDX1-9 
GO TO 80 

74 INDX=INDX+l 
INDlINDX)=8 
GO T O  80 

76 INDX=INDX+l 
IND(INDX)=7 

80 GO TO (82*35*35*35981ItN8 
81 INDX=INDX+l 

70 GO T O  (80ra09a893597z,35974*35976)t~7 

IND(INDX)=10 
82 GO T O  (a6935,35r35r35ra4r84t84r84,84r84),~9 
84 INDX=INDX+l 

86 CALL TEMSET 
87 81=JTPR 

IND(INDX)=11 

02=MINlF(81~10.1 
183=1*+81/82 
B4= I WC-2 
85=MINlF(B4rlO*) 

M R = O  
KSUM=O 

186=1e+84/05 

88 TTEST=O. 
TSUMNZO. 
TSUMP=O 4 

MI=O 
KMM= 1 

89 DO 500 MZlrJTPR 
90 DO 100 1 = 1 9 1 0  
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100 C U E I  i )=O. 
DO 400 I = l r I N D X  
I N D K = I N D (  I )  
GO TO ~210r220r230~240r250~260~270~280~290~300~400~r~NDK 

210 CUE(l)=(TOtM)-TM(2*1))/FCO(M) 
GO TO 400 

220 ~ U E ( ~ ) I ( T I ( H ) - T M ( I W C ~ ~ ) ) / F C I ( M I  
GO TO”400  

230 C U E ( 3 l = C U E O ( M )  
GO TO 400 

240 C U E ( 4 1 - C U E I I M J  
GO TO 400 

250 C U E 1 5 ) = ( T W L O ( M ) - T M ( 2 , 3 1 ) / 0 X N A  
GO TO 400 

260 CUEI6)=(TWLf(M1-TM(IWDr3))/DXNC 
GO TO 400 

270 CONTINUE 
280 CONTINUE 
290 R W O = T E E F ( T M ( Z t l ) )  

CUEA=ERKO(M)*(RWO-TRKO(M)) 
CUE(9)=ARSO(M)*ITRSO(M)-RWOl-CUEA 
1 F ( I NDK-9 )292+400 t 35  

I F ( I N D K - O ) 2 9 3 r 4 0 0 , 3 5  

GO TO 400 

CUEB=ERKI(M)*(RWI-TRKIIMI) 
C U E ( l O ) = A R S 1 ( M ) * ( T R S I ( M ) - R W I ) - C l J E B  

400 CONTINUE 
MA=M 

292 CUE(8)=ARSSO(MI+(TRSSO~M)-RWO) 

293 CUEf7)=ARSTO(M)+(TRSTO(M)-RWO) 

300 R W I = T E E F ( T M ( I W C * l ) )  

I F ( I V A C - 1 ) 4 0 5 ~ 4 0 5 ~ 4 0 1  
401 C A L L  D l S V A C  
405 I F (  I T R N ) 4 1 0 * 4 1 0 , 4 0 6  
406 C A L L  TEMTRN 
410 CUESO=CUE ( 1) +CUE ( 3 )+CUE ( 5  )+CUE ( 7  )+CUE( 8 1 +CUE ( 9  1 

CUESI=CUE(2)+CUE(4l+CUE(6)+GUE~lOl 
TM(lr3)=TM(Zt3)+OXNB*CUESO 
TM(IWC,3)3TM(IWD13)+OXN~*CUESI 

418 T M ( Z r l l = T M ( l r 3 ) - C U E S O  
419 TM(IWCI~)=TM(IWC,~)-CUESI 
420 C A L L  TEMCAL 

I F ( J J J 1 4 2 1 9 4 2  1 9 48 5 
421 IF (M-KMM) 500 430 9430 
430 D O . 4 6 0  I = Z t I W D r 1 8 6  

431  T T E S T = T M ( I , 3 ) - T T E M ( M I )  

440 TSUMN=TSUMN+TTEST 

450 TSUMP=TSUMP+TTEST 
455 T T E M ( M I ) = T M ( I * 3 )  
460 CONTINUE 

I F ( M -KMM ) 4 9 8 4 8 0 4 9 8 
480 I F ( J D I ) 4 7 2 9 4 9 2 * 4 9 1  
485 QO=QO+CUESO 

Q I = Q I + C U E S I  
GO TO 492 

M I  =M I +1 

I F ( T T E S T 1 4 4 0 9 4 5 5 r 4 5 0  

GO TO 455 
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491 CALL DOPT(4) 
492 CALL DOPT(7) 
493 CALL DOPT.18) 
498 KMM=KMM+IB3 
500 CONTINUE 

501 MR=MR+l 

509 DMI=MI+MI 

IF(JJJ1501r5Olr600 

IFIMR-NSETR)509~509r512 

TSUM(MRI=(A8SF(TSUMP+TSUMN)l/OMI 
IF(TSUM(MRI-DELT)520*520r510 

510 IF~7SUM(MR)-TSUM(MR-l~)514~514r511 
5 1 1  KSUM=KSUM+l 

IF[KSUM-NSETS)515r515r512 
512 CALL DOPT(3) 

CALL DOPT(4) 
CALL OOPT(7) 
CALL DOPT(81 
IF(JDII514r514r513 

513 CALL DUMP 
514 KSUM=O 
515 GO TO 88 
520 JJJ=l 
521 60 TO 89 
600 CONTINUE 

RETURN 
END 
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SUBROUTINE I N T L A  
C 

COMMON A N R O * A N R P ~ A N S O ~ A N S P I A R ~ ~ ~ A R ~ ~ I , A ~ S I ~ A R S O ~ A R S S O ~ A R S T O ~ A S ~ ~ I A S  
~ Z ~ I A V A C I ~ A V A C O I C O N D , C S U B P I C U E I C U E I , C U E C U E O ~ C U E S ~ ~ C U E S O ~  
~ D A T A , D D ~ D E L T * D T H N , D X , ~ X N I D X N A ~ D X N A * D X N D X N C ~ D X N D * E R ~ Z ~ € R ~ ~  

COMMON E R K I ~ E R K O ~ F C I ~ F C O ~ H R ~ O 6 T ~ I O A T A , I L , I N D I I N D X ~ I T F M A X ~ I T P M I ~ ~ ~ T  
~ R N * I V A C I I W ~ I W A L L ~ I W C , I W D , J D I ~ J T P R ~ K L I L R D ~ L ~ K ~ L B N ~ L J ~ ~ L T Z ~ M A ~ M R ~ ~ D A  
2 T * N S E T , N S E T R , N S E T S * N W A L L I P R O P I R B I T ~ R t i O  

COMMON S U M A ~ T A B ~ T H C K , T I ~ T M I T O ~ T R ~ I * T R K O , T R S I , T R S O ~ T R S S O ~ T R S T O ~ T S U M  
~ I T T E M I T W L I ~ T W L O I X ~ X D ~ X D D ~ ~ ~ X D D ~ ~ , X O D ~ ~ ~ X D D ~ ~ I X K D X ~ X W I ~ X W O ~ Y  

COMMON QOIQIIQRT*QST 
DIMENSION A N R 0 ~ 1 0 1 ) ~ ~ N R P ~ 1 0 1 ) r A N S O ~ l O l ~ ~ A N S P ~ l O l ) ~ A R l Z ~ l O l ~ ~ A R 2 ~ ~ l  

1 ~ 1 3 ~ A R S I ~ 1 0 1 ~ r A R S O ~ l O l ~ ~ A R S S O ~ l O l ~ ~ A R S T O ~ l O l ~ ~ A S l 2 I l O l ~ ~ A S 2 3 ~ l O l ~ ~  
2 C O N D ~ 5 ~ r C S U D P 1 5 ~ r C U E ~ l O ~ ~ C U E I ~ l O l l ~ C U E O ~ l O l ~ ~ D A T A ~ 2 O l ~ ~ D D ~ l O 2 ~ 2 ~  

DIMENSION D T H N ~ 5 ~ ~ D X ~ 5 ~ r D X N ~ 5 ~ r t R 1 2 ( 1 0 1 1 r t R 2 3 ~ l O l ) ~ E R K I ~ l O l ~ ~ E R K ~ ~  
1 1 O 1 ~ ~ F C I ~ Z O 1 ~ * F C O ~ ~ O l ~ r I L ~ 5 ~ r I N 0 [ 2 0 ) r L B K ~ 3 O ~ ~ P R O P ~ 5 ~ ~ R l ~ O ~ 5 ~ ~ T A ~ ~ 4 O  
~ ~ ~ ~ T M C K ~ ~ ~ I T I ~ ~ ~ ~ ~ ~ T M ~ ~ O Z ~ ~ ~ , T ~ ~ ~ ~ ~ ~ , T R K I ~ ~ O ~ ~ ~ T R K O ~ ~ O ~ ~ ~ T R S I ~ ~ O ~ ~  

DIMENSION T R S 0 f 1 0 1 ~ ~ T R S S 0 ~ 1 0 1 ~ , T R 5 T 0 o r T S U M ~ 2 0 ~ ~ T T E M t l O O ~ ~ T W L ~ ~  
1 1 0 1 ) r T W L 0 f 1 0 1 ) ~ X ~ 1 0 2 ~ 4 ) * X D ~ 5 ~ 2 0 ~ 5 t ~ X K D X ~ 5 ~  

C 
50  N = LDN 

X X  = SUMA 
K = K L  

100 IF I X X -  T A B ( 1 ) )  2 0 0 r  3009 3 8 0  
200 L = 1 

300 N2 = N + N 
GO TO 500 

IF [ X X -  T A B f N Z - 1 ) )  6009 6009 400 
400 L = N2 -3 
500 K = 2 

600 I =I 3 
700 I F  I X X  - T A E t I ) )  1000~800r900 
800 SUM = T A B f I  + 1) 

GO TO 2600 
900 I = I + 2  

GO TO 700 
1000 K 2  = K/2 

M = K Z  + K2 
L z 1 - M  

GO TO 1600 

1005 I F  ( M  - K )  10109 11001 1010 
1010 I F  ( X X + X X -  T A B ( 1 )  - T A B ( I -  2 ) )  1 0 2 0 9  11001 1 1 0 0  
1 0 2 0  L = L - 2 
1300 I F  ( C  -1) 1200 ,  1300, 1300 
1 2 0 0  L = 1 

GO TO 1600 
1 3 0 0  M = 2*(N-K) +1 
1400 IF I L  -MI 16009 1 6 0 0 r 1 5 0 0  
1 5 0 0  L = M 
1600 M = L + K +K -2 
1700 SUM = 0. 
1800 DO 2500 I = C v t k * 2  
1900 P = 1 0  
2 0 0 0  DO 2 3 0 0  J = 1.9 MI 2 
2 1 0 0  I F  ( 1  - J )  2 2 0 G 1 . 2 3 0 0 r  2200 
2 2 0 0  p = P* ( X X - T A B i J ) ) /  ( T A B ( I )  - T A 6 I J ) l  
2300 CONTINUE 
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2400 SUM = SUM + P+ TAB(I+l) 
2500 CONTINUE 
2600 Y = SUM 

RETURN 
END 
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SUBROUTINE TEMCAL 
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SUBROUTINE D O P T ( J K L )  __. . 

C 
COMMON A N R O ~ A N ~ ~ ~ A N S O ~ A N S P * A R l Z ~ A R Z 3 r A R S I ~ A R S O ~ A R S S O ~ A R S T O ~ A S l Z ~ A S  

1 2 3 ~ h V A C I r A V A C O ~ C O N D ~ C S U ~ P ~ C U E , C U E I , C U E O r C U € S I ~ C U E S O ~  
~ D A T A ~ D D I D E L T I D T H N I D X I D X N ~ D X N A ~ D X N A ~ D X N B ~ D X N C * D X N D , € R ~ ~ , E R Z ~  

COMMON EKKItERKO~FCIrFCOtHRSOBT,IDATAtILtlNDIIND~INDX~ITPMAX~IlPMIN~~T 
l R N * I V A C t I w * I W A L L *  I W C I I W D ~ J O I ~ J T P R I K L ~ L B D ~ L ~ K ~ L ~ N ~ L T ~ , ~ T ~ ~ M A ~ M R ~ N ~ D A  
Z T * N S E T I N S E T R * N S E T S ~ N W A L L I P R O P ~ R B I T , R H O  

COMMON S U M A ~ f A B * T H C K ~ T I * T M * T O * T R K I , T R K O , T R S I , T R S O ~ T R S S O ~ T R S T O ~ T S U M  
l * T T E M r T W L I * T W L O ~ X ~ X D ~ X D D l Z r X D D ~ 3 ~ X D D 3 4 r X D D 4 5 r X K D X r X W I ~ X W O r Y  

COMMON QOvQI*ORT*QST 
DIMENSION A ~ R ~ ~ 1 0 1 ~ r A N K ~ ~ 1 0 1 ~ ~ A N S O ~ l O l ~ * A N S P ~ l O l ~ ~ A R l 2 ~ l O l ~ ~ A R Z 3 ~ l  
1 ~ 1 ~ ~ A R S I ~ 1 0 1 t ~ A R S O ~ l O l ~ ~ A R S S O ~ l O l ~ ~ A R S T O ~ l O l ) ~ A S l 2 ~ l O l ~ r A S Z 3 ~ l O l ~ r  
Z C O N D ~ 5 ~ r C S U B P ~ 5 ~ r C U E ~ l O ~ r C U E I ~ l ~ l ~ ~ C U E O ~ l O l ~ ~ D A T A ~ 2 O l ~ ~ D D ~ l O Z ~ Z ~  

OIMENSION D T H N ~ 5 ~ ~ D X ~ 5 ~ ~ D X N ~ 5 ~ r E R 1 2 ( 1 0 1 1 r E R 2 3 ~ l O l ~ ~ E R K I ~ l O l ~ ~ E R K O ~  
1 1 0 1 ) r F C I ~ 1 0 1 ~ * F C 0 ~ 1 O l ) r I L t 5 ~ r ~ N O ~ ~ O ~ r ~ 5 K ~ 3 O ~ ~ P R O P ~ 5 ~ * R H O ~ 5 ~ r T A B ~ 4 O  
Z Z ) * T H C K ( 5 ) * T I  ~ 1 0 1 ~ ~ T M ~ 1 0 2 r 4 ~ r T 0 ~ 1 O l ) r T H K I ~ l O l ~ ~ T R K O ~ l O l ~ ~ T R S I ~ l O l ~  

DIMENSION T R S 0 ~ 1 0 1 ~ r T R S S 0 ~ 1 0 1 t ~ T R S T O ~ l O l t ~ T S U M ~ 2 0 ~ ~ T T E M ~ l O O ~ ~ T W ~ ~ ~  
1101 I rTWLO(101)  r X (  1 0 2 * 4  ) + K D ( 5 + 2 0 t 5 1  rXKDX15) 

C 
GO T0~100~200r300r40C~580,609,700r80g,900),JKL 

100 WRITE OUTPUT T A P E  L T 2 r l O l  
1 0 1  FORMAT(lOX19HERROR I N  INPUT DATA) 

110 WRITE OUTPUT TAPE L T 2 r l l l  
111 FORMAT(lOX28HONE SURFACE HAS NO HEAT LOAD) 

1 2 0  WRITE OUTPUT TAPE L T ~ * I ~ ~ ~ I N D X I I N D ( I N D X )  
1 2 1  FORMAT(lOXZ6HINCOMPLETE HEAT LOAD I N U X = r I 5 r 5 X l O H I N D [ I N D X ) r , l 5 )  

1 3 0  WRITE OUTPUT TAPE L T ~ ~ ~ ~ ~ ~ I N D X I I N Q ( I N D X )  
1 3 1  FORMAT(:OX36HEXCESSIVE NUMBER OF HEAT LOADS I N D X = t f 5 ~ 5 X l O H I N D ( I N D X  

GO T 0 ~ 1 1 0 1 1 2 0 r 1 3 0 r 1 ~ + 0 ~ 1 5 0 ~  tNDAT 

GO T O  Y98 

GO TO 9 9 8  

1 ) = r  I5 1 
GO T O  9 9 8  

140 WRITE OUTPUT TAPE L T 2 r 1 4 1  
1 4 1  FORMATIIOX32HINCORRECT INPUT FOR VACUUM LAYER) 

1 5 0  CONTINUE 

200 W R I T E  OUTPUT TAPE L T Z r 2 0 1 r J T P R  
2 0 1  FORMAT [ /SXZOHTESTS PER ORB I T  SET=# I 5  1 

3 0 0  WRITE OUTPUT TAPE L T 2 t 3 0 1 r M R  
3 0 1  FORFlAT(10X34HSOLUTION FAILS TO CONVERGE,CYCLES=rIS) 

GO T O  9 9 9  
400 DO 4 5 0  I = l r I W C  

IrlRITE OUTPUT TAPE L T 2 r 4 0 1 r M A ~ l r l T M I I * J ) t J = l t 4 )  
4 0 1  FORMAT( / l O X , Z I  5 9 1 :  ( 2 X  9F10.5 1 1 
4 5 0  CONTINUE 

GO TO 999 
500 DO 550 I = l r I W  

I W A = I L (  I )  

GO TO 9 9 8  

GO TO 999 

GO TO 999 

DO 5 5 0  J = l r I W A  
WRITE OUTPUT TAPE C T ~ , ~ ~ ~ + I I J I I X O ~ I I J I K K ) ~ K K = ~ * ~ )  

501 FORMAT(/1X5HLAYEP~I5~5XlZHSLICE NUMBER,I5/1X9HOUTSIDE = r F 1 0 * 5 * 3 X 1 2  
1HLEFT CONST =rF10.5r3XIOHMIDPOINT =rF10.5r3X13HRIGHT CONST = * F l o e 5  
2 ~ 3 X B H I N S I O E  =*F10 .5 )  
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550  C O N T I N U E  

600 W R I T E  OUTPUT T A P E  L T 2 r 6 0 1  
601 FORMAT( / /5X5HLAYER,5X6HSLICES,6X3HDXN,9X2HDX~lOX4HDTHN~8X4HPROP~8X 

GO TO 999 

14HXKDX 1 
DO 650 I = l , I W  
W R I T E  OUTPUT T A P E  C T 2 ~ 6 0 3 ~ I ~ I C t I ~ ~ D X N ~ I ~ ~ ~ X ~ I ) , P R O ~ ~ l ~ ~ X K D  

1 X (  1 )  

650 C O N T I N U E  

700 W R I T E  OUTPUT T A P E  L T 2 , 7 0 l r I W A L L , M R , M A  
701 F O R M A T f / / l O X 7 H W A L L  N O * I 5 r 5 X 8 H O R B I T  N O I I ~ ~ S X ~ ~ H T I M E  P E R I O D  N o t 1 5 1  

603  F O R M A T ( / / ~ ( ~ X , I ~ ) ~ ~ ~ ~ ~ ~ F ~ O O ~ ) )  

GO TO 999 

I H X - 1  
DO 750 I = 1 , I W  
I W X ' I W X + I L I I )  
I F ( I W - I ) 7 5 0 ~ 7 5 0 t 7 0 5  

705 GO T 0 ~ 7 1 0 ~ 7 2 0 ~ 7 3 0 ~ 7 4 0 ~ 7 5 0 ~ ~ 1  
710 T W L 1 2 = T M [ I W X ~ 3 ) + X D D l 2 * ( T M ( I W X + l r 3 ) - T M ( I W X ~ 3 ) )  

720 T W L 2 3 = T M ( I W X * 3 ) + X D D 2 3 * ~ T M ~ l W X + l r 3 ) - T M ( I W X ~ 3 ) )  

730 T W L 3 4 = T M ~ I W X * 3 ) + X D D 3 4 * ~ T M ( I W X + l ~ 3 ) - - T M ( I W X ~ 3 ~ ~  

740 TWL45=TM1IWX*3)+XDD45*(TM(IWX+l~3)-Tl4(1WX*3)) 
750 C O N T I N U E  

GO TO 750 

GO TO 750 

GO T O  7 5 0  

W R I T E  OUTPUT T A P E  L T 2 r 7 5 1 r T M ( 2 r l ) t T M ( f W C ~ l ~ ~ T W L 2 3 , f W L 3 4 ~ T W L 4  

751 FORMAT(lOX57HTEMPEHATURE.S O U T S I D E  SURFACE I N S I D E  SURFACE I N T E R F  
15 

l A C E S , 2 X * 6 F 7 * 2 )  
GO TO 999 

800 CUESOS = CUESOS + CIJESG 
C U E S I S  = C U E S I S  + C U E S 1  
W R I T E  OUTPUT T A P E  L T 2 ~ 8 0 l ~ C U E S O ~ C U E S I ~ C U E S O S t C U E S I S t O O I Q l  

801  F O R M A T ( l O X 5 2 H O U T S I D E  AND I N S I D E  H E A T  FLOW R A T E S  AND T O T A L S  BTU/HR,  
1 / 6 ( 5 X F 1 2 0 2 ) )  
IF ( I T R N - I W ) 9 9 9 , 8 1 0 , 9 9 9  

810 W R I T E  OUTPUT T A P E  L T Z ~ S L ~ ~ Q R T I Q S T  
811 F O R M A T ( l O X 5 4 H I N F R A R E D  AND SOLAR ENERGY T R A N S M I T T E D  THRU WALL B T U / H  

l R 9 2 F 1 2 . 2 )  
GO T O  999 

900 W R I T E  OUTPUT T A P E  L T 2 t 9 0 1 9 1 W A L L  
901 F O R M A T I l H 1 , 5 X 3 0 H S T A R T I N G  NEW PROBLEMgWALL NO = t 1 5 )  

CUESOS Z O O  
CUESIS=O* 
GO TO 999 

998 C A L L  DUMP 
999 C O N T I N U E  

R E T U R N  
END 
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SUBROUTINE TEMTRN 

COMMON A N R O ~ A N R P ~ A N S O ~ A N S P ~ A R l 2 ~ A R 2 3 t A R S I , A R S O ~ A R S S O ~ A R S T O ~ A S l Z ~ A S  
C 

~ ~ ~ ~ A V A C I ~ A V A C O ~ C O N D I C S U B P ~ C U E , C U E I I C U E I ~ C U E O ~ C U E S I ~ C U E ~ ~ ~  
~ D A T A * D D * D E L T * D T H N , D X , D X N I D X N A , D X N A ~ D X N E ~ D X N C ~ D X N ~ ~ E R ~ ~ ~ E R ~ ~  

COMMON E R K I ~ E R K O ~ F C I t F C O ~ H R S O B T ~ I ~ A T A , I L , I N D t I N D X ~ I T P M A X ~ I T P M I ~ ~ I T  
l R N * I V A C * I W * I W A L L ,  IWC, IWDIJDI IJTPR,KLILBD,LBK,LBN,LT~ ,LT~ ,LT~*MA*MR*NDA 
~T*NSET*NSETR,NSETSINWALLIPROP,RBIT IRHO 

COMMON S U M A ~ T A B ~ T H C K ~ T I ~ T M ~ T O t T R K I , T R K O I T R S I I T R ~ O ~ T R S I ~ T R S O ~ T R S S O ~ T R S T O ~ T S U t ~  
~ , T T E M I T W L I ~ T W L O I X I X D I X D D ~ ~ , X D D ~ ~ ~ X D D ~ ~ ~ X D D ~ ~ , X K D X ~ X W I ~ X W O ~ Y  

COMMON QOIQI ~ Q R T I Q S T  
D I M E N S I O N  A N R O f 1 0 1 ~ r A N R P ~ 1 0 1 ) ~ A N S O ~ l O l ~ ~ A N S P ~ l O l ~ ~ A R l 2 ~ l O l ~ ~ A R 2 3 ~ l  
1 0 1 ~ ~ A R S I ~ 1 0 1 ~ ~ A R S O ~ l O l ~ ~ A R S 5 0 o r A R S T O ~ l O l ~ ~ A S l 2 ~ l O l ~ ~ A S 2 3 ~ l O l ~ ~  
2 C O N 0 ~ 5 ~ * C S U 6 ~ ~ 5 ~ ~ C U E ~ l O ~ ~ C U E I o r C U E O ~ l O l ~ ~ D A T A ~ 2 O l ~ t D D ~ l O 2 ~ 2 ~  

D I M E N S I O N  D T H N ~ 5 ~ ~ D X ~ 5 ~ ~ D X N ~ 5 ~ , E R 1 2 1 1 0 1 ) , E R 2 3 f l O l ~ t E R K I ~ l O l ~ ~ E R K O ~  
1 1 0 1 ~ ~ F C I ~ 1 0 1 ~ ~ F C 0 ~ 1 O ~ ~ t I L ~ ~ ) ~ I N D ~ 2 O ~ ~ L B K ~ 3 O ~ ~ P R O P ~ ~ ~ ~ R H O ~ 5 ~ ~ T A B ~ 4 O  
2 2 ~ r T H C K f 5 ~ r T I ~ 1 0 1 ~ r T M ~ l O 2 ~ 4 ~ , T 0 o r T R K I ~ l O l ~ ~ T R K O ~ l O l ~ ~ T R S I ~ l O l ~  

D I M E N S I O N  T R S 0 ~ 1 0 1 ~ r T R S S 0 ~ 1 0 1 ) , T R S T 0 o , T S U M ~ 2 O ~ ~ T T E M ~ l O O ~ ~ T ~ ~ I ~  
1 1 0 1 ) ~ T W L 0 ( 1 0 1 ) ~ X ( 1 0 2 r 4 ) , X D ~ 5 ~ 2 0 ~ 5 ~ , X K O X ~ 5 ~  

C 
M=MA 
IF ( M R ) 5 0 9 5 0 * 5 1  

5 0  DTMAP-0. 
DTMBP=O o 

DTMCP.0. 
DTMDPzO. 
DTMEPxOo 
DTMGPzO o 

DTMHPxO. 
DTMKP= 0 

5 1  L W 1 2 = 1 + I L I l )  
Q R = C U E ( 3 l + E R 1 2 ( M )  
QS=CUE ( 3 -QR 
FRl=l.-ARl2(MI-(ARSO(M)*5.78) 
F R Z = A N R O ( M I  
F R l 2 = S Q R T F ( F R l * F R 2 )  
C R l = Q R * ( F R l - F R 1 2 )  
C R 1 2 = Q R * I F R 1 2 - F R 2 )  
FSl=la-ASI2(MI-(ARSSO~M~*5a78) 
FS2 =ANSO ( M  1 
F S 1 2 = S Q R T F t F S l * F S 2 )  
C S l = Q S * I F S l - F S 1 2 )  
C S l Z = Q S + ( F S l Z - F S Z )  
C U E ( 9 1 = C U E ( 9 ) + C R 1  
CUE (8 1 =CUE ( 8 1 + C S 1  
DTMA=o5*(DXN(l)+DXN(2))*(CRlZ+CS12) 
T M I C W ~ ~ ~ ~ ) X T M ( L W ~ ~ , ~ ) + D T M A - D T M A P  
DTMAP-DTMA 
GO TO ( 6 9 t 4 r 5 ) * I T R N  

69 I F  ( IW-1)100*71170 
70  DTMB=t(FR2*QR)+(FS2*QS))*DXN~2) 

T M ( L W ~ ~ + ~ ~ ~ ) P T M ( L W ~ ~ + ~ * ~ ) + O T M B - D T M B P  
DTMBP=DTMB 
GO TO 100 

71 QRT=QR+FH2 
Q S T = Q S * F S 2  
GO TO 100 

AIRESEARCH MANUFACTURING’DIVISION 
Lo5 Angel-. Caltlornia 

SS-3028 
Page 6-19 



5 F R Z l = F R Z * A V A C I  

4 F R Z l = F R Z - A R 2 3 ( M ) * F R Z  
GO TO 2 

2 F R 3 = F R Z * A N R P ( M )  
F R 2 3 = S Q R T F I F R 3 * F R t l )  . 
C R ~ X Q R * F R ~ + ( F R Z ~ - F R ~ ~ )  
C R 2 3 4 R * F R Z + ( F R 2 3 - F R 3 1  
F S 3 = F S Z + A N S P I M )  
F S ~ ~ X F S ~ - A S ~ ~ { M ) * F S ~  
F S 2 3 = 5 Q R T F ( F 5 3 * F S 2 1 )  
C S 2 = Q S * F S 2 9 ( F S 2 1 - F S 2 3 )  
C S ~ ~ J Q ~ * F S ~ * ( F S ~ ~ - F S ~ )  
GO TO ( 1 0 0 * 2 0 r 3 ) r I T R N  

DTMCP.~*~DXN(~)+DXN(Z))*(CR~+CS~) 
D T M D P ~ ~ * ( O X N ( ~ ) + D X N ( ~ )  ) * ( C R 2 3 + C S 2 3 )  
T M ( L W 1 2 + l r 3 ) = T M ( L W 1 2 + 1 ~ 3 ) + D T M C P  
TMILWZ3*3)=TMILWZ3r3)+DTMD-DTMDP 
DTMCP=DTMC 
DTMDP=DTMD 
I F  ( I W - 2 ) 1 0 0 ~ 2 2 r 2 1  

T M ( L W Z ~ + ~ ~ ~ ) = T M ( L W ~ ~ + I ~ ~ ) + D T M E - D D T M E P  
DTMEP=DTME 
GO TO 100 

22 QRT=QR*FR3*FR2 
QST=QS*FS3*FS2 
GO TO 100 

3 L W 3 4 = L W 1 2 + l + I L ( 3 )  

20  L W 2 3 = L W l Z + i L ( 2 )  

2 1  D T M E = ( ( F R 3 * Q R ) + ( F S 3 * Q S l ) * D X N ( 3 )  

D T M G = O ~ * ( D X N ( ~ ) + D X N ( ~ ) I * ( C R Z + C S ~ )  
D T M H = O ~ * ( D X N ~ ~ ) + D X N ( ~ ) ) * ( C R Z ~ + C S ~ ~ )  
TMILW12+2r3)=TM(LW12+2r3)+0TMG-DTMG-DTMGP 
T M ( L W ~ ~ * ~ ) = T M ( L W ~ ~ S ~ ) + D T M H - D T M H P  
DTMGP=DTMG 
DTMHP=D,TMH 
IF ( I W - 3 ) 1 0 0 * 2 2 r 3 1  

T M ( L W 3 4 + l r 3 ) = T M f L W 3 4 + 1 w 3 ) + D T b l K - D l M K P  
-31 DTMK=(lFR3*QR)+(F53*QS))*DXN(4) 

DTMKP=DTMK 
100 I F ( J D I ) 4 0 0 r 4 0 0 , 2 0 0  
200 W R I T E  OUTPUT TAPE L T Z I ~ O ~ , I T R N * M I L W ~ Z , L W ~ ~ , L W ~ ~ * Q R ~ Q S , T M ( L W ~ ~ + ~ * ~ ~  

lrTMILW34r3)wTM(LW34+1*3) 
301 F O R M A T f 5 X * 5 1 5 r 5 F l O o 5 )  

W R l T E  OUTPUT TAPE L T 2 r 3 0 3 r F R l ~ A R l 2 ~ M ) ~ A R S O ( ~ ~ ~ F R 2 ~ A N R O ( M ) ~ F R l Z * C ~ l  
l * C U E ( 3 ) 9 E R l Z ( M )  ~ C R ~ ~ ~ C U E ( ~ ) ~ F S ~ ~ A S ~ ~ ~ M ~ ~ F S Z , A N S D I M ) ~ F S L Z V C S ~ ~ C S ~ ~ ~  
2 T M ( L W 1 2 , 3 ) * T M ( L W 1 2 + l r 3 )  
WRXTE OUTPUT TAPE LTZr303,FR3,ANRP(M),FRZlrAR23(M)rFR23,CR2*C~23~~ 

~ S ~ ~ A N S P ( M ) ~ F S ~ ~ ~ A S ~ ~ ~ M ) ~ F ~ ~ ~ ~ C S Z ~ C S Z ~ C S ~ ~ ~ T ~ ~ L W Z ~ ~ ~ ~  
303 F 0 R M A T f 1 0 X 1 7 F 1 0 . 5 )  
400 RETURN 

END 
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SUBROUTINE D I S V A C  

COMMON A N R O ~ A N R P ~ A N S O ~ A N S P ~ A R ~ ~ T A R ~ ~ ~ A R S ~ ~ A R S I ~ A R S O ~ A R S S O ~ A R S T O ~ A S ~ Z ~ A S  
C 

~~~~AVACIIAVACOICOND,CSUBPICUE,CUEI,CUEICUEO,CUEI,CUESI~CUESO~ 
~ D A T A ~ D D I D E L T I D T H N , D X I D X N I D X N A I D X N A * D X N ~ ~ D X N C * D X N D * E R ~ ~ * E R ~ ~  

COMMON E R K I ~ E R K O ~ F C I ~ F C O ~ H R S O B T ~ I D A T A ~ I L , I N D I I N D ~ ~ N D X ~ I T P M A X ~ I T P M I N ~ I T  
l R N r I V A C r I W r I W A L L r I W C r I W D ~ J D I r J T P R ~ K L ~ L 6 D r L B K ~ L B N ~ L T l ~ L T 2 ~ M A ~ M R ' ~ N D A  
~ T ~ N S E T ~ N S E T R I N S E T S I N W A L L ~ P R O P ~ R B I T ~ R H O  

COMMON S U M A T T A ~ ~ ~ H C K ~ T I ~ ~ M ~ T O , T R K ~ , ~ ~ ~ K O I T R K O ~ T R ~ I ~ T R S O ~ T R S S O ~ T R S T O ~ T S U M  
~ * T T E M I T W L I ~ T W L O I X I X D , X D D ~ ~ ~ X O D ~ ~ , X D D ~ ~ ~ X D D ~ ~ ~ X D D ~ ~ ~ X K D X ~ X W I ~ X W O ~ Y  

COMGON 00*QS T Q R T ~ Q S T  
D I M E N S I O N  A ~ ~ ~ 0 ~ 1 0 1 ) ~ A N R P ~ 1 0 1 ) ~ A N S O ~ l O l ~ ~ A N S P ( L O 1 ) , A R l 2 ~ l O l ~ ~ A R 2 3 ~ l  
1 ~ 3 ~ * A R S 1 ~ 1 ~ 1 ~ t A R S O I l O l ~ ~ A ~ ~ S O ~ l 0 l ~ ~ A R S T O ~ l ~ l ~ ~ A S l Z ~ l O l ) ~ A S Z 3 ~ l O l ~ ~  
7 C O N D ~ 5 ~ r C S U B P ~ 5 ~ r C U E ~ l ~ ~ ~ C ~ l E I ~ l ~ l ~ ~ ~ C U E O ~ l O l ~ ~ D A T A ~ Z O l ~ ~ D D ~ l O 2 r 2 ~  

O i M E N S I O N  D T H N ~ ~ ~ ~ D X ~ ~ ~ I D X N ~ ~ ) ~ E R ~ ~ ~ ~ ~ ~ ) ~ E R Z ~ ~ ~ O ~ ~ ~ E R K I ~ ~ O ~ ~ ~ E R K O ~  
1 1 0 1 ~ ~ F C I ~ 1 O 1 ~ ~ F C O ~ 1 0 1 ~ r I L ~ 5 ~ r I N D ~ 2 0 ~ r L B K I 3 0 ~ ~ P R O P ~ 5 ~ ~ R t i 0 ~ 5 ~ ~ T A B ~ 4 0  
2 2 ~ r T H C K ~ 5 ~ ~ T I ~ 1 0 1 ~ i T M ~ l O Z I 4 ) r T O ~ l O l ~ ~ T R K I ~ l O l ~ ~ T R K O ~ ~ O l J ~ T R S I ~ l O l ~  

D I M E N S I O N  T K S 0 ~ 1 0 1 ) ~ J R S S O I 1 0 1 ) ~ T R S T O ~ l O l ~ ~ T S U M ~ 2 O l ~ T T E M ~ l O O ~ ~ T W L I ~  
1 1 0 1 ~ t T W L 0 ~ 1 0 1 ~ ~ X ~ 1 0 2 , 4 ) r X D 1 5 r Z O r 5 ) r X K D X ~ 5 )  

C 
T E E F ( T ) = ( T * o O l + 4 * 6 ) * * 4  
B V C O = l o 0 0 0 1 / A V A C O  
t 3 V C I = L a O O U l / A V A C I  
CVAC=.173/(8VCO+BVCI-lo~ 
I W X = l  
DO 750 I = i t I W  
I W X = I W X + I L ( I )  
IFIIW-Il75Or750,705 

705 GO T 0 ( 7 1 0 ~ 7 2 0 ~ 7 3 0 r 7 4 0 * 7 5 0 ) * 1  
710 T W C ~ ~ = T M ( I W X I ~ ) + X D D ~ ~ + ( T M I I W X + ~ ~ ~ ) - T M ( I W X ~ ~ ) )  

7 2 0  T W C 2 3 = T M ( I W X ~ 3 ) + X D D 2 3 * ~ T M ( I W X + l ~ 3 ~ - T M l I W X * 3 ) )  

7 3 0  T W L 3 4 = T M ~ I W X ~ 7 ~ + X D D 3 4 * l T M l I W X + l ~ 3 ~ - T M ~ I W X ~ 3 ~ ~  

740 TWL45=TMIIWX931+XDD45*tlM(lWX+l~3)-TM(IWX*3)) 

401 GO TO(410~402*403r404)rIVAC 

GO TO 7 5 0  

GO TO 750 

GO TO 750 

' 750 C O N T I N U E  

402 T A V = T W L l Z  
e TF)V=TWL23 

GO TO 4 0 5  
403  T A V = T W L Z 3  

TBV= TWL 34 
GO TO 4 0 5  

404 T A V = T W L 3 4  
T B V = T W L 4 5  

405 
406 T A V f T B V + l .  

I F  CABSF ( I A V - T B V  ) - i o  ) 4 0 6 * 4 0 7 , 4 0 7  

407 T C V = T E E F ( T A V )  
T O V = T E E F ( T B V )  
O X N l  I V A C ) = A B S F I  I T A V - T H V ) 1 I C V A C * ( T C V - T D V ) )  I 
X K D X ( I V A C ) = . k * D X N ( I V A C )  
C A L L  D I S T X  

410 RETURN 
END 
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